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Table shows duty cycles possible with Jackson Insulated 
Copper Alloy Holders, using electrodes and cables shown. 


strength, hardness and conductivity. Jackson insula- a-t | 1/4" | 300-1/0 3502/0 50% 
tors have highest heat and impact resistance. Choose a-3 | 3/8” | 375—2/0 450—3/0 65% 
them where greater duty cycles are called fo. a-3s | 3/8” | soo—a/o | 80% 


Featherlight medium class model Featherlight Holders have tor of aluminum alloy, Featherlight and _ streamlined, 
small class JH-2 takes electrodes 


ue 
A-W takes electrodes through replaceable jaws of. high-co alloy. | Exceltent ab O00 


at 300 amps, weighs 14 oz. Feath- 
erlight larger model A-5S has all-purpose holders, each will capacity. 91% oz. Medium class JH-3 takes 


wider tong and wider handle, takes Cable connection must be met anically. - electrodesthrough !4" at 300amps. 
electrodes through at 400 amps. 


‘Quik-Trik’ Cable Connectors 2/0-R and 4/0-R have neoprene 
rubber insulators with tapered ends to stretch over cable snugly. 
They lock out moisture and dirt, don’t catch against obstructions. 


The Jackson 


CABLEHITCH 


Where welding is done above the level of the J 

machine, Cablehitch suspends the cable near 
the work area. More cable may be pulled through; ae ee ; 
it will not slip back, Jackson Ground Clamps give broad net to-met 
Cablehitch cuts operator fatigue, increases safety contact. They also fit the hand, g0 easy easy | 
and efficiency, reduces cable wear. In one size to Angled socket reduces strain on cable N 

fit welding cables No. 1 through 4/0, gas and fastening for extra: support of the : 

air hose 5" through %" o.d. 


Sold World-Wide through JACKSON PRODUCTS 


Distributors and Dealers AIR REDUCTION SALES COMPANY, A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 
WARREN © MICHIGAN 
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PRESS-TIME 


Full ECPD Accreditation Given to Ohio State’s 


Welding Engineering Department 


The Welding Engineering De- 
partment at Ohio State University 
is now fully recognized by the en- 
gineering profession’s official body 
for accreditation, the Engineers 
Council for Professional Develop- 
ment. 

Disclosure of this fact is expected 
to give greater impetus to the en- 
couragement of college level training 
of welding engineers. The EC- 
PD’s decision should also promote 
greater interest throughout industry 
inasmuch as reciprocity of the weld- 
ing engineering professional license 
is now eminent in all states. In 
addition, Ohio State’s accreditation 
should give a real boost to prospec- 
tive students. Also, it should en- 
courage other colleges and univer- 
sities considering the enlargement 
of their engineering schools to in- 
clude welding engineering in their 
curricula. 

The history of Ohio State’s Weld- 
ing Engineering Department traces 
back to 1893 when William A. 
Knight introduced a blacksmithing 
and forging program at the uni- 
versity. Another milestone was 
reached in 1919 when gas welding 
and cutting were made parts of 
the shop facilities. In 1925, with 
the formation of the Department of 
Industrial Engineering under Pro- 


fessor John Younger, the shops were 
transferred to the college of Engi- 
neering with a new emphasis on pro- 
duction methods. In 1938 the weld- 
ing curriculum was advanced to that 
of an option degree in the Depart- 
ment of Industrial Engineering. 
The Department of Welding En- 
gineering, as it is known today, was 
instituted in 1947 with Robert S. 
Green as its first chairman. Pro- 
fessor Green has since been suc- 
ceeded by Roy B. McCauley as its 
present chairman. 

There are now 92 alumni of the 
department with an additional thir- 
teen individuals who have obtained 
master’s degrees. Housed in the 
Industrial Engineering Building, the 
department’s facilities include nine 
major laboratories in a 14,000 sq ft 
area wherein the following opera- 
tions are carried on: heat treating, 
design, testing, metallurgy, prepara- 
tion, welding, welding research, pho- 
tography and radiation. A 7000- 
volume library with a 15,000 weld- 
ing patent classification system and 
literature searching facility is in- 
cluded . the same building. 

Among the points advanced by 
Ohio State University in its original 
appeal for accreditation were its 
curriculum, its staff and its facii- 
ities. 


Over 60,000 Clocked 
at Cleveland Metal Show 


Attendance at the 40th National 
Metal Exposition and Congress was 
reported to have reached 60,238. 
The five-day ‘“‘Metal Show” was 
held during the last week of October 
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in Cleveland. According to Chester 
L. Wells, show manager for ASM, 
“The Metal Show came at a pro- 
pitious moment at the beginning of 
the upturn in the metalworking 
industry.”’ There were 406 exhibi- 
tors at this Cleveland exhibition. 


Engineering Service Group Formed 
by Air Reduction 


Announcement has been made by 
J. H. Humberstone, president, Air 
Reduction Sales Co., of the estab- 
lishment on November Ist of a 
Special Products Department. 
Charles I. MacGuffie, formerly 
manager of marketing, Welding De- 
partment, the General Electric Co., 
has been appointed manager of the 
new department. 

Through the Special Products 
Department, which is an expansion 
of Air Reduction’s Machine Welding 
Department organized in March of 
1955, selected products requiring 
specialized engineering assistance 
in their application will be made 
available for industrial use as they 
are developed in the research labora- 
tory. 

According to Mr. MacGuffie, it 
is planned that the new department 
will provide the means for more 
rapidly bridging the gap between 
pure research and the industrial 
application of many products and 
processes originated and developed 
in the Air Reduction laboratories. 
Tailoring of the various fusion 
welding processes to meet cus- 
tomers’ requirements of quality 
welding on a repetitive basis, a 
service of the former Machine Weld- 
ing Department, will be continued 
as a major function of the new 
Special Products Department, Mr. 
MacGuffie announced. 

J. H. Berryman, previously man- 
ager of the Machine Welding De- 
partment, has been named general 
sales manager of the new depart- 
ment. 


LINDE PLANS EXPANSION 


W. M. Haile, [right] president of Linde 
Co., describes firm’s plans for $6 million 
liquid oxygen and nitrogen plant on West 
Coast to F. E. Marsh, San Francisco Bay 
Area Council official 
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GET FASTER DC WELDING and lower your 
costs with Hobart Electric Drive Welders 


improvements in welding characteristics 
and more simplified controls built in the 
new Hobart Electric Drive DC Welder 
offer more opportunities for cutting pro- 
duction costs. Save extra money on all 
types of metal fabrication, maintenance 
and repair jobs. Let you take advantage of 
the latest Hobart hi-speed electrodes—a 
combination that means better quality 
welding at a bigger savings to you. Com- 
pare and test on your own work for proof 
of more dependable welding operations. 
Sizes 200 to 600 amp. 


Model 
MB-304-S 
300 amp. 
Stationary 


Find Your 

| Nearest Dealer 
| in the 
‘Yellow Pages’ | 


MAIL TODAY 
for complete 
information and 
prices ...no 
obligation 


CO: WELDING, a new low cost process for 
radically increasing mild steel production 
speeds. 


Users report production speeds increased 
to 200” per minute and more! That means 
big savings to you on your mild steel weld- 
ing operations. An extra outstanding fea- 
ture of this new CO2 welding is the use 
of a new air-cooled gun that is lighter in 
weight and easy to use. Eliminates oper- 
ator fatigue and the need for bulky, 
troublesome water hoses and connections. 
It will pay you to investigate this new 
production tool that guarantees a savings 
on fabrication costs. May be used station- 
ary or portable as required. 


Migare 


Migare control, 
wire feed unit 


“Powromatic’” constant voltage power source 


Tell me about 


ALLOYS, SPECIAL METALS and mild steel can 
be welded with this AC-DC Transformer Rec- 
tifier Combination. 


You actually get three welders in one com- 
pact cabinet. Merely shift the convenient 
selector switch to handle jobs that cali for 
either AC or DC (straight or reverse po- 
larity). You can take full advantage of the 
latest sizes of all types of electrodes. Jobs 
become easier, more profitable. Special 
inert gas facilities and a high frequency 
stabilizer are built right into the ADI— 
making it easy to weld Aluminum, Man- 
ganese, Titanium, Brass, Copper, and 
Stainless in light to heavy gauge materials. 


Model ADI-364-S 
AC/DC Inert Gas Combination 


‘Manufacturers of the world's most complete line of arc welding equipment'’ 


HOBART BROS. CO., BOX WJ-19, TROY, OHIO, phone FE-21223 


Name 
Amp. Capacity 
0) Electric Drives Address 
COs Weldin 
City 


Zone State 


O ADI Combination 


PBART 


WELDING ZONES 


Welding played an important role in the building of this unit, reportedly the largest and most powerful earth moving scraper in 
the world. A product of R. G. LeTourneau, Inc., the giant dirt-eater has a 70-ton work capacity, roughly equivalent to 50 to 60 cu yd 


The fabrication of this 500-ton scrap press was a giant welding 
job. Three hundred hours of welding time were required, prior 
to machining, to build the shear frame alone. Approximately 
1200 Ib of low-hydrogen electrodes and 800 Ib of submerged-arc 
filler wires were consumed in the operation. These units are 
being built by Baker Perkins, Inc., Saginaw, Mich. 
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The geodesic principle of design is evident in this aerial view of 
Baton Rouge, La.’s Union Dome, a structure which houses 
region tank car repair and maintenance facilities of Union Tank 
Car Co. of Chicago. Welded from 321 six-sided steel panels, 
the Dome has a base diameter of 384 ft and a height of 120 ft 


fz 


This 24 page catalog (our Form 14) offers a beautifully illustrated description of the 
COMPOUND PRESSURE cylinder manifold for industrial and medical cylinder 
gases. There are no solder joints, and the entire cylinder manifold may be assembled 
or disassembled with the use of two open-end wrenches. All assembly parts can be 


* carried in stock and the parts are so designed that they permit prompt assembly of 
cylinder manifolds of every useful capacity; “wall type, stand type with center 
sections for one or more regulators, for manual or automatic changeover.” The 
a COMPOUND PRESSURE cylinder manifold is the sturdiest, the safest ‘and the most 


attractive one your money can buy, and its price is very little more than that of 
ordinary manifolds. If you are interested in cylinder manifolds, 


write us for catalog form 14 


NAT UNA Welding EQUIPMENT COMPO... 215 tremont street san francisco 
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EAST GERMANY 


Shipbuilding Industry Reports 
on Submerged-Arc Welding 


According to the August 1958 
issue of Schweisstechnik, a total of 
one million marks was the expected 
saving in the four shipyards of East 
Germany during 1958. Such a sav- 
ing was realized through the use of 
submerged-arc welding as a sub- 
stitute for previously employed 
manual welding methods. For 
example, during the first quarter of 
1958, there was only one submerged- 
arc to eighteen manual welding 
machines, yet 29% of all welding 
footage was made by the submerged- 
arc process. One of the great rea- 
sons for this increase in automatic 
welding was the development of 
equipment for fillet welding. 

A four-day symposium on weld- 
ing in shipyards was held at Warne- 
munde in May of last year. Two 
of these days were turned over to 
shipyard visitations. Various types 
of welding were in use at the yards. 


At Warnow, for instance, mecha- 
nized semiautomatic welding was ob- 
served, while welding with argon, 
using consumable and nonconsum- 
able electrodes, was in evidence at 
Peene. On the other hand, man- 
ually controlled semiautomatic 
welding, stud welding and through- 
penetration welding of fillets from 
one side, were observed at the Nep- 
tune yard. Also at Neptune, a 
magnetic clamp utilizing sixteen 
magnets was demonstrated for un- 
even plates. Arc instability en- 
countered with dc was avoided at 
the Mathias Thesen yard by using 
1000-amp transformers. 

The symposium’s lecture sessions 
emphasized the great increase in the 
use of submerged-arc welding. As 
proof, it was pointed out that the 
process, as used in the four East 
German shipyards, produced ten 
times as much footage in 1957 as in 
1953. In 1956 two pounds of flux 
were used for every pound of elec- 
trode. In 1957 crushed welding 
slag was being used for fillet weld- 
ing, thereby reducing the ratio to 


AUSTRALIA 


Pipeline from Munyang to Guthega 
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By Gerard E. Claussen 


1:1. It was surprising to note that 
in 1955 56% of the flux in East 
Germany was consumed in the 
shipyards, but in two years’ time 
this percentage dropped to 28%, 
even though the shipyards were 
consuming twice as much flux as 
they did in 1955. In 1958 30 or 
36% of all welding was by the sub- 
merged-arc process for a 3000 or 
10,000 ton freighter. 


CO. and Resistance Welding 
in Use at Stralsund Shipyard 


According to an article in the 
July 1958 issue of Schiffbautechnik, 
welding costs were reduced from 40 
to 50% at the Stralsund shipyard 
after the CO, process replaced 
manual covered-electrode welding. 
Small, portable units were used, 
producing smooth beads when weld- 
ing downward at a 30-deg angle. 
Resistance welding, as in flash- 
welding pipes, although in use, was 
not being exploited to its fullest ex- 
tent. 


Submerged-Arc Fillet Welds 
Test at High Strength 


Room-temperature fatigue tests 
of welded connections used in ship 
construction showed that fully and 
semiautomatic submerged-arc hori- 
zontal fillet welds had strengths as 
high as flat-position fillet welds de- 
posited with E-6020 electrodes. This 
article, appearing in the August 
1958 issue of Schiffbautechnik, also 
reported that fillet joints welded 
from one side had as high a fatigue 
strength as fillet joints welded from 
both sides of the web. 


Electro-Slag Welding in Mild Steel 
Exhibits Coarse Grains 


Schweisstechnik, in its August 
1958 issue, discusses the results ob- 
tained by an East German lab- 
oratory with welds made by the 
electro-slag process. It was dis- 
DR. GERARD E. CLAUSSEN is associated with 
Arcrods Corporation, Sparrows Point, Md 
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...HELIARC Cutting turns hours to minutes 


Before: It took 114 hours to chip an 18-inch _nesium, copper, carbon steel, or cast iron. 

hole in an aluminum dome %-inch thick. See for yourself—ask your nearest LINDE 

NOW-—The hole is cut in one minute—with _ representative to prove that HELIARC Cutting 

Hewiarc Cutting. slashes time and labor costs over conventional 
Before: A 54-inch diameter dome hole in —_ methods. Call your local LinDE office today! 

54-inch rolled aluminum plate required about Or write Dept.WJ1, LINDE ComPANY, Division 

5 hours, with chipping hammers. NOW— __ of Union Carbide Corporation, 30 East 42nd 

Manual HEwiarc Cutting does it in about 444 Street, New York 17, N.Y. Offices in other 

minutes. principal cities. In Canada: Linde Company, 
HELIARC Cutting employs an extremely Division of Union Carbide Canada Limited. 

high-temperature, high-velocity arc that gives 

cutting speeds up to 1000 inches per minute 

on \4-inch-thick material. It makes saw-like 

cuts, either square or beveled, in materials 

up to 3 inches thick . . . and, you can take the 

torch to the work. HELIARC Cutting is equally 

effective on aluminum, stainless steel, mag- 


TRADE-MARK 


“Linde”, “Heliarc’’, and “Union Carbide” are registered trade-marks of Union Carbide Corporation, 
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BELGIUM 


Lock of a dam on the Meuse 


covered that such welds in mild 
steel occasionally exhibited ex- 
tremely coarse grains which sur- 
rounded an inner core of fine grains. 
The coarse-grained structure had 
low notch toughness and in test 
welds was difficult to duplicate. 
The addition of such nucleating 
elements as molybdenum and, in 
particular, titanium raised the notch 
toughness to a small extent, while 
vanadium lowered the notch tough- 
ness significantly. In no instance 
was the extremely coarse structure 
observed with the alloying elements. 
However, dendritic structure was 
finer with titanium and molyb- 
denum, and, consequently, there 
were no large areas of Widmann- 
statten structure. 


German Railways Adopt 
Submerged-Arc Welding 


The August 1958 issue of Schweiss- 
technik also reports the permission 
by the German Railways for the 
use of fully automatic submerged- 
arc welding for low-alloy steel St 52 
in the main members of bridges, 
cranes and cars. Semiautomatic 
equipment is allowed only on 
secondary structures. 


WEST GERMANY 


Brazed Joints in Steel Tubing 


Fatigue tests made on right- 
angle joints in steel tubing brazed 
with brass or silver solders are de- 
scribed in the October 1958 issue of 
Schweissen und Schneiden. Joints 
made by inserting the smaller tube 
in a hole cut into the larger tube 
had a lower bend fatigue strength by 
3000 psi than joints assembled with- 
out such holes. This result is ex- 
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plained by an analysis of stresses. 
The fatigue strengths (10 million 
cycles) ranged from 10,500 to 18,500 
psi. 


Origin of Spatter in Arc Welding 


Another article in the October 
1958 issue of Schweissen und Schnei- 
den states that the origin of spatter 
in arc welding with bare and covered 
electrodes is the weld puddle itself 
at the foot of the arc. Motion pic- 
tures were made of welding arcs at 
750 to 2000 frames per sec using 
ordinary and infrared films. The 
spatter drops were from 0.02 to 
0.08 in. in diam, while the angle be- 
tween the flight trajectory and the 
area of the electrode was never more 
than 45 deg. Globules from a bare 
electrode transferred by short cir- 
cuit at normal arc lengths. Only 
under certain conditions, when the 
metal transferred in ‘“sausage- 
shaped” drops through long arcs, 
was the rare phenomenon observed 
of spatter emanating from the tip 
of the electrode. The flight speed 
of spatter for bare electrodes varied 
from 32 ips at 1300 amp to 102 ips 
at 220 amp and 40 ips at 260 amp. 
The elapsed time between the 
transfer of a globule from the elec- 
trode to the puddle and the ejection 
of a particle of spatter was 0.001 
sec for bare electrodes and 0.01 sec 
for covered electrodes of such me- 
dium- and heavy-coated types as 
E-6013, E-6020 and E-6015. Al- 
though no globules were observed, 
clumps of spray particles were 
noticed from heavy-covered elec- 
trodes. The spatter was either the 
result of the metal drop’s impact on 
the puddle or of a gas-evolving car- 
bon-oxygen reaction which occurred 
between the globule and the puddle. 
Spatter was never observed from a 
coating. 


Cost Formulas Derived for 
Automatic Welding Processes 


An economic article in the Octo- 
ber 1958 issue of Schweissen und 
Schneiden lists two formulas for use 
in the application of automatic 
welding processes. One formula de- 
termines the number of units that 
must be manufactured to effect 
minimum costs. The other formula 
estimates the maximum permissible 
cost of new positioners and welding 
equipment for a given job involving 
a known number of units, the time 
to complete a unit by the manual 
and automatic processes, the wage 
rate, the installation expense and 
other accounting factors. A graph 
to assist in solving these formulas is 
also shown. In addition, charts 
show the recommended dimensions 
for butt and fillet joints for auto- 
matic welding. 


SOVIET UNION 


Submerged-Arc Welding 
of Aluminum 


One of the subjects covered in the 
August 1958 issue of Svarachnoe 
Proizvodstvo discusses the  sub- 
merged-arc welding of aluminum- 
alloy plates in thicknesses of '/, to 
’/, in. This alloy, containing 6% 
Mg and 0.12% Ti, was welded with 
0.063 or 0.079 diam electrodes of 
the same composition. A current 
of 200 amp and 28 v were used and 
the welding speed was 13 ipm. 
The welding flux consisted of 70 
parts by weights BaCl., 30 KCl 
and 2 cryolite. The resulting trans- 
verse tensile strength was 45,500— 
48,000 psi with reinforcement and 
40,000—44,000 psi without reinforce- 
ment. In the latter case, fracture 
occurred in the weld metal which 
had lower magnesium content than 
the plate itself. In fact, from 25 to 
60% of the magnesium was lost from 
the electrode. Since the joints were 
prepared without root opening, a 
minimum amount of electrode was 
required, thereby also holding the 
loss of magnesium to a minimum. 
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For any stainless welding job 


CORPORATION 


Stainless Steel Welding Wire 


Specify Drawalloy “quality controlled” stainless 
steel welding wire for your next “quality weldments.” 
Your greatest advantage is experience . . . our experi- 
ence in producing wires for welding exclusively. Be- 
cause we are specialists, Drawalloy stainless steel 
welding wire is produced to strictly controlled specifi- 
cations to provide the right chemistry, finish and 
temper for the finest quality weld metal and smoother 
operation in your automatic or semi-automatic equip- 
ment. Drawalloy stainless wires are available in all 
popular grades as well as 214 Cr, 1 Mo; 114 Cr, 4 Mo. 


Why not discuss your stainless welding wire needs 


Spooled for 
Inert Gas 
Shielded 

Metal Arc 
Welding 


Coiled for 
Submerged 
Arc Welding 


Cut Lengths 
for Inert 
Arc Welding 


with your Drawalloy Distributor or Representative 
. ..€a man with the products and knowledge to help 
you. Bulletin 355 DC provides complete information 
on every grade of Drawalloy wire. Write to: Draw- 
alloy Corporation, Lincoln Highway West at Alloy 
Street, York 13, Penna. 


DRAWALLOY 


CORPORATION 
YORK, PENNSYLVANIA 


THE WIRE MILL FOR THE WELDING INDUSTRY — STAINLESS STEEL - TOOL STEEL 
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Abrasion resistance to order. Weldor hard-surfacing 58” fan, using Inco-Hard “1” 
Electrode. Fan will handle 135,000 cfm of 200-300°F gases carrying highly abrasive dusts. 


Such a hard surface at such a low cost... 


INCO-HARD “T” ELECTRODE 


COMMENDID RAGES 


FOR HARD SURFACING 


ae ON LOW ALLOY STEELS 
an mone me 
yours 


This hard-facing electrode does it! 


This weldor is hard-facing fan blades to 650 Brinell inco-Hard “1” top value in hard-facing electrodes 


ickly, ily, and... economically. He’s doi it 
Inco-Hard “1” Electrode gives you good hardness 


pene quickly and easily. You can use it in all positions. A.C. 
Inco-Hard “1” puts the abrasion resistance where or D.C, you get a spray-type arc. And...a smooth 
you need if. . . and only where you need it... on 


bead contour which generally needs no grinding. 
hard-duty parts such as baffle plates, crawler treads, Complete data and suggested procedures for using 
scraper lips. Laid on cast iron, mild and low-alloy § Inco-Hard “1” Electrode are given in new 8-page 
steels, a l-layer deposit gives a 500 Brinell surface data sheet. .. yours by writing Inco. 
hardness; 2 layers give 600-700 Brinell. 
Worn-down manganese steel parts, as well, may be 


built up with Inco-Hard “1” Electrode. A 3-layer THE INTERNATIONAL NICKEL COMPANY, INC. 
deposit will give about 600 Brinell, provides good 67 Wall Street New York 5, N.Y 
service life. 


INCO WELDING PRODUCTS 


electrodes - wires . fluxes 
For details, circle No. 11 on Reader Information Card 
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Greater Readership Through Better Presentation 


The importance of technical and trade maga- 
zines to the progress of engineering, science and 
industry has long been recognized. Their job is 
a big one: to keep all of us informed about the 
latest technical and industrial developments. 

Yet, despite the importance of technical liter- 
ature, much of it is lost to the reader because so 
little attention is paid to the form and style of its 
presentation. In many quarters it is still as- 
sumed that a person will read a magazine in his 
field of interest regardless of how poorly it is 
put together or how ineffectively the information 
is presented. To a certain extent, this is true. 
Often the reader has no choice but to put up with 
poorly organized and unattractive magazines. 

However, readership research has shown that, 
more often than not, readers will not read even 
what is good for them if the material is poorly 
presented. Studies also have shown that the 
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value of a magazine to its readers depends to a 
great extent upon appearance and editorial pres- 
entation. 

So, to fulfill successfully the function of dis- 
seminating information, the technical journals of 
today must constantly improve their format, 
their typography, their appearance and their pres- 
entation techniques. When they do this, the 
reader benefits by being able to obtain the infor- 
mation from the printed page in the shortest 
possible time, and the advertiser benefits because 
of greater reader interest and receptivity. 

The WELDING JOURNAL has long been aware 
of the vital importance of good editorial presen- 
tation, and the changes starting with this issue 
are proof of that fact. It is these and other ear- 
lier improvements that have made the WELDING 
JOURNAL a more readable, a more attractive and 
a more useful publication for the welding industry. 
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Only 30%" high, the new Gold Star SRH combines com- 
pactness with the sensational improvements introduced by 
the Miller Gold Star line. These include wholly new trans- 
formers, completely sealed semimetallic rectifiers and 
weld stabilized circuits. Where stacking or paralleling 
adaptability plus the finest de perfermance ever achieved 
is indicated, the Gold Star SRH is the unequaled answer. 
Available in three models with 60% duty cycle ratings of 
200, 300 and 400 amperes. 
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The best welding current ever produced is delivered here. You get maximum 
arc stability for sounder, denser welds with all electrodes in all positions. 
And you get more of them in less time! This revolutionary performance com- 
ing from a machine of record-breaking dependability (see January welding 
magazines), has led industry and individuals to say of the Miller Gold Star 
SR-DC: “The SR gives perfect de welding current; Easiest arc starting — bor 
none; Smoothest arc | ever used, and quiet to boot.” 


Available in both duplex and single models with ampere range from 200 
to 1200. Complete complement of control equipment gives the Gold Star SR 
unlimited flexibility, plus milestone performance and unmatched dependability. 


Distrebuted in inode by Canadian Liquid his Co. Montreal 


For details, circle No. 13 on Reader Information Card 
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Fig. 1—Over-all view of an assembly line for the fabrication of gondola-car sides 


Authors describe the fabrication of underframes and 
side and end panels for gondola cars, and discuss 


submerged-Arc Applications in the Fabrication of 
Railroad-Car Components 


CHARLES A.ZWISSLER AND ROBERT A.HAY 


INTRODUCTION. Each year the railroad industry contrib- 
utes a vast tonnage of steel to the metalworking industry. 
Every vear thousands of railroad cars are fabricated to replace 
or augment the rolling stock of the nation’s railroads. Conse- 
quently, this facet of the metalworking market is worthy of 
due consideration by any fabricator or manufacturer; 
however, because of the size and quantity of contracts, this 
market is a very competitive one. It is this competition 
that prompts our discussion, i.e., how do various fabricators 
endeavor to meet this competition? In the past, one of 
the most apparent answers to this question has been by 
switching to welded design and applying modern automatic 
welding to the fabrication of welded railroad-car components. 
Railroad cars or their components, which have been spe- 
cifically designed for welding, in general provide stronger and 
lighter cars. They are not only more economical to fabricate 
but further savings are incurred through lowered fuel and 
maintenance costs 

It is difficult to make a true weight comparison between 
riveted and welded designs because at the same time that a 
transition from riveted cars to welded cars was being made, 
CHARLES A. ZWISSLER is a welding engineer for the Kaiser Steel 
Corp. and ROBERT A. HAY is associated with the Linde Co 
Paper presented at AWS 1958 Annual Spring Meeting held in St 
Louis, Mo., April 14-18 


a similar transition to higher design loads was underway. 
However, despite increasing design loads, there still remains 
a weight savings of from 4 to 5°% in welded designs as com- 
pared with riveted designs. 

The “work horse’’ of this change to welded designs has 
been the submerged-are welding process. It is this process 
that has really made the widespread economical fabrication 
of welded railroad cars or their components possible. The 
field of fabrication for the railroad industry is a large and 
varied one. Typical components which are available to the 
industry are: 

1. Underframes for box cars, gondolas, flat cars, ete. 

2. Sides and end panels for gondolas, box cars and re- 

frigerator cars 

3. Tank cars for the transportation of liquids. 

4. Miscellaneous items 

diesel locomotive frames, passenger cars, ete. 

The following discussion deals with the fabrication of 
underframes and side and end panels for gondola cars, and 
how the submerged-are welding process is applied to the 
manufacture of these units. The examples selected are not 
meant to cover the entire field of railroad fabrication but are 
merely indications of a principle which is more or less ap- 
plicable to other items in the same field. This principle is 
the combination of automatic submerged-are welding with 


such as special components, 
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ingenious tooling to promote maximum production rates with 
a minimum amount of labor that is consistent with the 
number of units to be produced. 
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Fig. 2—Typical center-sill types used in the 
fabrication of railroad-car underframes 


Fig. 3—Center-sill jig showing the method of 
pulling down the “‘Z"’ bars to a predetermined 
camber to allow for weld distortion 
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Underframe Production 


In the production of railroad-car underframes there 
are several major components which are ideal for 
submerged-are welding. The largest of these com- 
ponents is the center sill. There are several'standard 
designs for center sills which are used on various 
types of cars. Typical of these designs are those 
shown in Fig. 2. By far the most common type of 
center sill is the standard sill composed of two “Z”’ 
bars welded toe to toe. These sections are called 
12-in. half-center sills and are rolled in various 
weights. Thickness of the flanges to be welded 
vary from ''/3. up to '/32 in. Normally, these 
sections are clamped in a fixture using a preset 
camber for distortion allowance. The jig shown 
in Fig. 3 uses large hydraulic cylinders to obtain 
this pre-camber. This section is commonly welded 
from one side only. This is usually accomplished 
by welding against a flux backing to permit complete 
penetration and to support the molten weld metal 
where poor fitup occurs. This section may be 
welded with a single head using a single large di- 
ameter electrode. However, high filler-metal re- 
quirements and poor fitup encourage the use of 
more than one electrode on this butt-welding 
application. Figure 4 shows two welding heads in 
operation on a center-sill butt weld. The lead are 
uses a °/30-in. diam electrode with direct current, 
reverse polarity. The trailing are is two '/s-in. 
diam electrodes on a-c power. The lead are 
‘arries 1200 amp and 30 v, trail are carries 750 amp 
and 38 v; speed of travelis45ipm. The particular 
“Zs” being welded are '*/39 in. thick. 

The method illustrated is just one of many 
possible multiple-electrode setups. Two Scott- 
connected a-c transformers are also commonly 
employed. Many times the trail are employs two 
electrodes instead of one. The two electrodes 
are often set transverse to the joint to help with 
joints which are poorly fitted together. 

Another interesting example of center-sill fabri- 
cation is an alternate center sill which was built by 
Kaiser Steel Corp. during the critical steel shortage 
when the company was unable to obtain a supply 
of the critical ‘‘Z’’ sections customarily used for this 
section. This alternate sill shown in Fig. 5 is 
composed of two 12 in.-C-25.0, a 5/1-in. top cover 
plate and two 4- x °/s-in. flatbar stiffeners welded to 
the lower flange of the channels. To produce this 
section, a fixture was designed to enable the welding 
of seams |, 2, 3 and 4 simultaneously and a second 
fixture to weld seams 5 and 6 simultaneously. 

The first position fixture was designed with 
locators and stops to orient properly all components. 
A system of magnets is used to hold all the compo- 
nents in proper position during welding. The work 
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Fig. 5—An alternate design forgfabrication of underframe 
center sill which was used during the critical steel shortage 
because of unavailability of ‘‘Z’’ sections 


in the first position remains stationary while two 
automatic welding carriages, each with two auto- 
matic welding heads, move along the stationary center 
sill, welding four seams simultaneously (Fig. 6). 
Constant-potential d-c power is provided by 750-amp 
constant-potential rectifiers. The welding of these 
seams is accomplished by two welding operators. 
After completion of the center sill in the first 
position fixture, it is ‘flipped’ over on a table and 
two automatic welding heads mounted on a side 
beam carriage complete the remaining two welds 
(Fig. 7). The same personnel operates the welding 
machines at both fixtures, the second position 


Fig. 6—Depositing four fillet welds simultaneously 
on alternate center sill shown in Fig. 5 


welds being made while the first position fixture 
is being loaded. 

Welding is accomplished using °/,:-in. diam wire v 
at 550 amp and 30 v. Speed of travel is approxi- 
mately 25 ipm. At the beginning of the contract, 
considerable distortion was experienced in welding 
this section and some delay was incurred while 
developing a procedure which would give consistent 
results. The specifications for this work required 
that the center sill in the completed underframe 
have a maximum camber of '/, in. 
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Fig. 4—D-c, a-c tandem-arc welding machine shown in operation on center-sill jig. Close-up is at right 


Fig. 7—Depositing the remaining two fillet welds on the 
bottom side of the alternate sill shown in Fig. 5 


After welding several units at speeds exceeding 
25 ipm, it was evident that too-high welding speeds 
were not practical when the two welding operators 
had to operate the controls for all four welding 
heads. If consistent results were to be obtained, 
a constant set of welding variables would have 
to be used on each unit produced. The decision 
was made to establish a welding speed of 
25 ipm, which could be easily handled by the 
welding operators. After this was done it was 
merely a matter of experimentation to determine 
the correct amount of “pre-cambering’”’ required 
so that, after welding a center sill, it would have a 
‘amber remaining that was within the tolerance 
allowed by the specifications. After the production 
of a few units, it was found that 3-in. “pre-cam- 
bering” was required. This arrangement of fixtures 
and equipment allows two operators to produce 
1200 lineal feet of welded seam per eight-hour 
shift. 

There are other components in underframe 
fabrication which are applicable to submerged-are 
welding; bolsters are typical of such components. 
Typical designs of bolsters are shown in Fig. 8. 

Figure 9 illustrates one method of welding 
a bolster. In this instance, components were 
fitted and tacked together prior to welding. After 
fitting, the bolster is placed on a rack and one 
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Fig. 8—Various designs for bolster which are used in 
the construction of railroad-car underframes 


seam at a time is welded automatically. This 
method requires handling of materials many times. 
In contrast, Fig. 10 shows a fixture in which all of 
the bolster parts are loaded; then two automatic 
welding heads, which ride on a welding gantry, 
automatically weld two seams simultaneously. 
After the first side is welded, the fixture is rotated 
and the two seams on the opposite side are welded. 
As can be seen in Fig. 10, the welding gantry serves 
two fixtures, one fixture being loaded while the 
other fixture is being welded. This arrangement of 
fixtures allows maximum use of welding equipment 
and also requires a minimum amount of material 
handling. 


Production of Gondola Sides 

It will be noticed that the tooling illustrated is 
substantial Class “A” tooling but is not of such a 
nature as to be too prohibitive in cost. Secondly, 
it will be seen that an attempt is made to make 
tooling either universally applicable to different 
types of cars or, at least to make it so that various 
portions or details can be used over again merely 
by relocation. This is very necessary since an 
average order for components may be approximately 
one thousand units. This is sufficient quantity to 
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Fig. 9—Automatic submerged-arc welding 
of subassembled body bolsters 


justify some tooling but insufficient to allow for 
elaborate tooling programs for each separate order. 
Therefore, tools or portions thereof must be de- 
signed with this flexibility in mind. 

An outstanding example of this flexibility is the 
tooling which is used to fabricate the iron-ore car 
side panels shown in Fig. 11. 

The tooling for this side is an assembly line in 
which transfer tables convey the assembly from one 
station to another. An over-all view of the line 
and transfer tables is shown in Fig. 1. 

The material moves onto the line from the storage 
area into the first station where the bottom-side 
sill angle (6 x 6 x */, in.) is applied to the side sheet 
(Fig. 12). The material is clamped when the open 
side “C” frame moves down into position and 
fingers actuated by a pneumatic hose are used for 
clamping. Welding is accomplished at this station, 
using “twin-are’’? automatic submerged-are welding. 
Two '/s-in. diam electrodes at 1500 amp and 29 
v are used at welding speeds of approximately 55 
ipm. Current is d-c, reverse polarity. 

At the second station, a similar tool is used to 


Fig. 11—Typical construction for all-welded side 
for a gondola car 


apply the top bulb angle to the side sheet. Again, 

two '/s-in. diam electrodes at 1500 amp and 29 v 

are used; welding speeds are approximately 70 ipm. 
The assembly is then moved to the third station 
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Fig. 12 -Automatic-welding fixture for the application of the bottom-side sill angle to the side sheet 


where it is and the assembly is then 
leested ar” eu in position and the two welds 
joining the top bulb angle and the bottom-side sill 
angle to the side sheet are run simultaneously. The 
machines are mounted on side-beam carriages and 
run in opposite directions. The machines are 
run with approximately the same settings as in 
Stations 1 and 2 and welding speeds are 55 ipm. 
Station 3 is shown in Fig. 13. 

The first three stations complete the attachment 
of the top bulb angle and bottom-side sill to the 
side sheet, after which the assembly is moved to 
the fourth station for the application of side-post 
stiffeners. At this station, gantries which straddle 
the assembly (Fig. 14) not only carry the welding 
machines but also serve as huge “‘C”’ clamps which 
fit the stiffeners in position against the side sheet. 
This clamping is accomplished by indexing and 
clamping the gantry to stationary rails anchored to 
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the floor; pneumatic cylinders on the gantry are 
then used to clamp stiffeners to the side sheet. 
After clamping is completed, each stiffener has the 
welds on both sides run simultaneously. Auto- 
matic welding heads are of the “twin-are”’ type, 
using two '/s-in. diam electrodes, at 1500 amp and 
29 v, with a welding speed of 70 ipm. 

Station 5 completes the assembly of the sides and 
is very similar to Station 4 except that, instead of 
applying the formed side post stiffeners, the small 
4-in. I-beam stiffeners are applied at this station. 


Conclusion 

In discussing the previous welding application, 
the authors have mentioned various automatic weld- 
ing setups: single wire, “twin arc,” and “‘tandem arc”’ 
with as many as three electrodes. After discussing 
these various methods, the question arises as to 
what dictates the selection of one method over 


Fig. 13—Automatic-welding fixture for welding the opposite 
side of the top and bottom sills to the side sheet 


another. In answer to this question, one must 
look at any production setup from an over-all 
point of view. If this is done, it can be seen that 
it is not only the welding which affects the efficiency 
of the operation but also any other operation which 
is involved in the production cycle, such as loading 
and unloading jigs, drilling, grinding, ete. The 
ratio between the welding operation and all other 
operations determines to some extent the importance 
of fast welding speeds. For example, suppose 
that in a one-hour production cycle one-half hour 


is welding. If welding ‘speeds are increased 100%, 
the welding time is reduced by half, or to fifteen 
minutes. The over-all cycle then becomes forty- 
five minutes instead of one hour, or has been de- 
creased by 25%. Thus a 100% increase in welding 
speeds results in only a 25% decrease in the over-all 
cycle. From what has just been said, it is evident 
that, in some instances, the additional capital 
expenditures, which are usually required to in- 
crease welding speeds, cannot be justified except over 
a rather long-term period. On the other hand, how- 
ever, a production cycle that is primarily welding, 
such as the side assembly positions discussed 
previously, an increase in welding speeds shows 
a greater return by virtue of the large effect it has 
on the over-all production cycle. All these factors, 
together with any special job requirements, govern 
the selection of the welding method. No over-all 
rules can be laid down as each facility’s requirements 
are different. 

However, it is evident that with proper tooling 
and the proper application of the submerged-are 
welding process, a fabricator can enjoy a more 
competitive position in this increasingly com- 
petitive market. 


Fig. 14—Automatic-welding fixture for the application of stiffeners to the gondola side. The fixture locates and 
clamps the stiffeners, and both sides of the stiffener are then welded automatically 
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was mounted on a standard cutting-torch buggy 


Fig. 1—Large girder of T-1 steel was welded with mild-steel electrode and alloy flux. 


Semiautomatic gun 


Alloy Welding Fluxes 
for Low-Alloy Steels, Stainless Steels and Hard Surfacing 


With an available stock of only four primary fluxes and one neutral flux, 
many alloy combinations can be compounded to meet the requirements 
of the particular application for which the flux is needed 


R. A. WILSON 


Through the use of submerged-are alloy fluxes, 
automatic welding, with its advantages of con- 
sistent quality and low cost, is being applied success- 
fully to the specialized welding of low-alloy steels 
and stainless steels, as well as hard surfacing. 
Basically, the principles of alloy fluxes are the 
same as those of conventional hand welding. For 
manually welding low-alloy steels and for hard sur- 
facing, the electrode core wire is usually low-carbon 
mild steel, and the necessary alloys are introduced 
into the deposit from the electrode coating. In 
automatic welding, the coiled electrode wire is mild 


R. A. WILSON is Direetor of Application Engineering at The Lincoln 
Electric Co., Cleveland, Ohio. 
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steel and the alloys are added to the deposit through 
the granular flux covering the are. For manually 
welding high-alloy and stainless steels, the wire is 
similar in analysis to that of the base plate and the 
alloys in the electrode coating simply replace the 
percentage of alloy lost in the are. In automatic 
welding, the same approach is used, except that the 
flux furnishes extra alloy. 


Compounded Alloy Fluxes 

Alloy fluxes are an agglomerated type of flux. 
This type of flux for automatic submerged-are welding 
is manufactured with techniques similar to those 
used in making coatings for manual electrodes. 
Ingredients are weighed and dry mixed according to 


| | 
ah 
| 
— 
Fy 


They are then agglomerated with a bond- 
Drying 


formula. 
ing liquid, wet mixed and dried in a kiln. 
temperatures are higher than those used for low- 
hydrogen electrodes, but not high enough to oxidize 
the ferro-alloys. The dried flux is screened and 
sized, so that all particles are exactly alike in size and 
specific gravity and will not settle out in handling. 
A comparison of agglomerated and fused fluxes is 
shown in Fig. 2. 

These fluxes are made in four primary types: 
chromium flux, molybdenum flux, vanadium flux and 
nickel flux. These are stored in bins and then com- 
pounded by mixing to give a tailor-made alloy flux 
to meet the requirements of the particular applica- 
tion for which the flux is needed. The primary fluxes 
are blended by the manufacturer with a neutral flux 
to adjust the formula to the specifications furnished 
by the purchaser. Thus, with an available stock of 
only five fluxes, an almost infinite number of alloy 
combinations can be created without the expense of a 
small-lot production run. 


Fig. 2—Solid black granules are those of a fused flux. 
Other granules are those of agglomerated fluxes, 
exactly alike in size and specific gravity 


Alloying obtainable from the fluxes can be up to 
the following percentages of maximum alloy content 
of any one element in the weld deposit. 


Chromium, 8.7 
Molybdenum, 6.2 
Vanadium, °; 2.2 
Nickel, %... 11.0 


Control of Weld Deposit 

In welding low-alloy steels and stainless steels, and 
in hard surfacing, the alloy-flux process produces 
consistently excellent welds for a wide range of ser- 


Table 1—Desired Analysis (214 Cr—114 Mo) Obtained 
with Several Different Multipass Procedures 


Mild-Steel 


Electrode, Travel, 
in. Amp Volts ipm Cr, % Mo, % 
5/64 300 30 15 2.63 1.34 
1/, 400 28 15 2.90 1,27 
1/, 600 38 15 2.83 1.27 
5/39 500 30 15 2.76 1.40 
5/39 600 36 15 2.82 1.31 
1/32 700 36 15 2.54 1.23 


Table 2—Change in Weld-Metal Analysis Resulting 
from a 4-V Variation in Standard Procedures 


Materials: 4-6% Cr, '/2 Mo alloy flux with '/s-in. mild steel 
electrodes. Deposited in mild-steel groove. 
Standard Procedure: 500 amp, 32 v + 2 v, 20 ipm 
Voltage Analysis, “% 
30 4.76 Cr-0.47 Mo 
34 5.05 Cr-0.49 Mo 
ASTM specification allows 4.00—-6.00 Cr—0.45-0.65 Mo 


vice requirements at reduced costs. The amount of 
alloy in the weld deposit is dependably consistent 
and is easily controlled by using standardized proce- 
dures. 

On new jobs, regardless of the method used, a 
procedvre is usually developed on test plates. Since 
alloy fluxes can be purchased in lots as small as 100 
lb, complete tests, including heat treatment, are 
practical and the correct flux formula can be estab- 
lished before purchasing the entire amount needed for 
the job. This is sometimes impractical when using 
alloy wire. 

Procedure guides, specifying voltage, current and 
wire size, are provided with each formulation from 
which the user can select the correct combination of 
procedure variables that will produce the specified 
analysis. Anyone qualified to work with alloy 
materials will have the facilities and ability to control 
The 
precedures are quite flexible and one flux can be used 
Wire sizes range 
current 


these procedures within the tolerances needed. 


with many different procedures. 
from */¢g-in. electrode to 7/3. in. with a 
range from 300 to 700 amp. Table 1 shows that a 
precise analysis cun be obtained by many totally 
different procedures, as long as the combinations of 
voltage, current and wire size follow the charts. 
This permits adapting procedures to varying welding 
conditions of the job without losing control of the 
deposit analysis. 

Accidental variations from specified procedures 
will not vary the deposit sufficiently to cause the 
analysis to be outside the range provided in the speci- 
fications to which the metal being welded was pur- 
chased. The figures in Table 2 show the results of a 
test representing accidental variations of are voltage 
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Table 3—Range of Deposit Properties Available Through Varying Fluxes 


ABRASION| FRICTION | IMPACT | HARDNESS | DUCTILITY 


CORROSION | oF | DEPOSIT STRUCTURE 


ALLOY FLUX 
USED WITH 
MILO STEEL 
ELECTRODE 


H-S60 FLUX 
CHROMIUM CARBIDES 


H-S5O FLUX 
SEMI-AUSTENITIC 


H-S45 PLUK 
MARTENSITIC 


H-535 FLUX 
MARTENSITIC 


MILD STEEL PLATE 


Fig. 3—Pressure vessel welded with alloy fluxes to produce a 
joint similar to the ASTM 301-B base metal. Gas torch in 
foreground was used for preheating 400 to 450° F 


(the most important variable in its effect). The 
considerable variation in procedure, 4 v in this test, 
did not vary the analysis enough to fall outside the 
limits of the plate specification. The chromium 
variations was only '‘/y» of the allowable range. 
This is substantially less than could result when using 
an alloy electrode, particularly if the analysis of the 
electrode happens to fall on the low limit of one of 
the elements that is difficult to carry across the are. 


Welding Alloy Steels 

The materials usually referred to as low-alloy 
steels (up to 6° of total alloy) are standard for pres- 
sure vessels, power piping, refinery chemical and 
atomic-energy equipment. An increasing amount 
of this type of steel is replacing mild steel in railroad, 
trucking and earth-moving equipment, and in 
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modern bridge design. The high-strength alloys 
are required in missile development and airplane 
manufacturing. 

Before deciding whether or not to use alloy fluxes 
for welding these high-strength materials, the joint 
must be studied to determine if it must develop full 
plate strength. Full strength is usually required for 
butt welds on highly stressed parts. For fillet welds, 
however, the size of the fillet can be increased to pro- 
vide the added strength and the joint can be welded 
without an alloy deposit using regular mild-steel 
electrodes and fluxes. 

Another important consideration in welding alloy 
steels is chemical requirements of the deposit. For 
example, if chrome-molybdenum is being used for its 
antigraphitization properties, then the weld must 
not only have required strength, but also the pre- 
scribed analysis. 

Alloy fluxes meet these requirements readily. 
Automatic electrodes of the same analysis as the 
plate are generally unsuitable, since high-strength 
plate is usually higher in carbon than the desirable 
limits of good welding. Welds are purposely held to 
below 0.10 carbon to minimize cracking and increase 
ductility. Therefore, if an alloy electrode is to be 
used, a special heat of steel is generally required for 
producing a suitable rod, and, then, the rod must be 
drawn to the size required. 

Alloy fluxes can handle equally well the two general 
types of alloy steels. In the type of steel that is heat 
treated before welding, such as T-1 steel, consider- 
able change in deposit analysis is provided. The 
weld develops full physical properties in the as- 
welded condition to match that of the plate in its 
heat-treated condition. This means that the weld 
will have higher alloy content than the plate. For 
the type of steel that is heat treated after welding, 
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the deposit also has a higher alloy content than the 
plate to compensate for the heat-treating properties 
of the higher carbon content of the plate. As an 
example, SAE 4130 steel would have 0.30 carbon, 
whereas the weld would have 0.07 or 0.08 carbon. 
To make up for this lower carbon content in the 
weld, purposely held low to avoid cracking, higher 
amounts of alloy are added to provide heat-treating 
properties similar to those of the 4130 plate. Alloy 
fluxes frequently prove to be the easiest way to ob- 
tain the different analysis in the weld deposit that 
is required in welding to the two types of alloy steels. 


Welding Stainless Steels 

When welding the so-called stainless steels, the 
problems encountered are usually due to loss of 
chrome content in the heat of the are. In the steel 
of 18-8 variety, as an example, welding with an 
ordinary flux may result in three unfavorable condi- 
tions: 


(a) Loss of chrome content, so that the weld is no 
longer within specifications. 

(b) Since nickel is not lost as readily in the are, 
the chrome-nickel ratio will no longer be at 
least 2 to 1, and the tendency for erack- 
ing will increase under these conditions. 


(c) Flux removal may be very difficult. 


The alloy flux used for welding stainless is merely a 
neutral flux, plus some chromium to compensate for 
that lost in the are. 
welding flux is usually sufficient to perform this com- 


One standard stainless-steel 


pensation for the entire range from 18-8 to 25-20 
stainless steels. The excellent slag-cleaning proper- 
ties are a welcome bonus when using alloy fluxes, 
since the slag is completely removable from the sur- 
face of the deposit (practically self-removing in most 
joints). When welding with ordinary fluxes, small 


slivers of slag adhere tenaciously to the surface. 


Alloy Fluxes for Hard Surfacing 

The use of alloy fluxes is the most economical 
method for developing hard-surfacing alloys of the 
higher alloy types. The chart shown in Table 3 
indicates how the deposit from a combination of 
mild-steel electrode and an alloy flux can be in- 
creased in abrasion resistance by the addition of 
more alloy (principally chromium) and by changing 
from the usual low carbon of mild-steel welds to more 
and more carbon in the deposit. The greatest hard- 
ness and abrasion resistance comes with the maxi- 
mum transfer of carbon across the are—approxi- 
mately 2.5 to 3.5%. When enough carbon, plus 
chromium, is added to the deposit, it will consist 
largely of chromium carbides, a product next to 
tungsten carbide in abrasion resistance at about one- 


fifth the cost of tungsten carbide. 

This table outlines many possibilities in the use of 
hard-surfacing fluxes. As shown, the abrasion re- 
sistance can vary from that of about twice that of 
mild steel to ten or more times that of mild steel. 
The impact values also cover a wide range. They 
hold up extremely well because of the homogeneity 
of the deposit. If impact quality is a major require- 
ment, one of the lower alloy fluxes should be used. 

The following descriptions of typical applications 
will illustrate both the possibilities of alloy fluxes 
and some of the principles and procedures of their 
use. 

The large oil-refinery pressure vessel shown in Fig. 
3 was welded with alloy fluxes to produce a joint 
material similar to the plate which was ASTM Type 
301-B. This is 1 chrome, '/2 molybdenum material. 
The unit was preheated to 400—450°F before weld- 
ing. The weld was completed from one side only, 
since it was almost impossible to work on the 
inside of the vessel. A steel backing strip was used 
on the joint. The backing-strip material was speci- 
fied to be of ASTM Type 301-B also, and it was 
impossible to obtain this material on short notice or 
without great cost in bar form. Therefore, a bar of 
hot-rolled mild steel was grooved and Type ASTM 
301-B material was deposited in the groove by a 
semiautomatic process. This was then machined 
down to a flat surface and rolled up into backing 
rings. This was done so that there would be no dilu- 
tion of the welded joint from the backing strip 
material. The complete job was welded without 
stopping, since the flux was practically self-cleaning. 
The rotation continued without stopping and the 
flux was removed very easily by the operator with 
small air-chipping hammers before it came into the 
welding zone. Test samples made before starting 
the job indicated that the analysis would be well 
within the range of this ASTM Type 301 specifica- 
tion. 

The heavy hydraulic cylinder, shown in Fig. 4, 


Fig. 4—Tapered-end section of a centrifugally cast shell was 
welded with a deep-groove joint. Beads were made narrow, 
side-by-side, rather than the full width of the joint, to make 
slag almost self-removing 


j 


Fig. 5—Typical bend-test samples from different jobs 
using T-1 steel. They indicate high ductility 


Fig. 6—Large cylinder was welded with a self-propelled, 
semi-automatic submerged-arc welding gun 


Fig. 7—This type of chrome buildup on a mild-steel plate 
has application to valve gates and other similar parts 
where corrosion resistance is desired 


Fig. 8—This small pressure vessel was made of 18/8 stainless 
steel! and was welded with 18/8 electrode and special stain- 
less-steel alloy flux. Small nozzle deposited inside circum- 
ferential weld 


was fabricated from a centrifugally cast shell and a 
machined plate for the end. The picture shows 
quite clearly the self-cleaning properties of the alloy- 
flux slag. The joint, as it progressed upward, was 
made in rather fast passes with beads no more than 
'/, to */, in. wide placed side-by-side in the joint. 
In joints like this, it is very important that the bead 
merely touches one side wall at a time. If the bead 
does not completely fill the surface of the groove, the 
slag will be self-removing. Usually two beads side- 
by-side are sufficient until the gap becomes very wide 
near the top where, perhaps, three beads side-by- 
side will be required. 

The several typical bend-test samples, shown in 
Fig. 5, are from different jobs done with alloy fluxes 
on T-1 steel. They indicate a good degree of duc- 
tility and represent jobs done on */,-in. plate with 
the bend being made on the material in the as- 
welded condition. Typical physical properties are: 


Elongation 

Alloy flux Tensile, psi Yield, psi in 2in., % 
A 118,000 106,000 17.5 
I 107,000 93,000 20.0 
Cc 106,000 91,000 25.5 


As can be seen, varying degrees of ductility can be 
obtained with a slight reduction in tensile proper- 
ties. For certain jobs, it may be desirable to gain 
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elongation at the sacrifice of some tensile strength. 
Some new fluxes have shown very promising low- 


temperature impact strength. Charpy V-notch 
values were as follows: 

Room temperature, ft-lb. . . 
—60° F, ft-lb. . 26.2 
—100° F, ft-lb. . 21.0 


Alloy fluxes have been used to fabricate larger 
girders of T-1 steel. In Fig. 1, semiautomatic equip- 
ment is being used to fabricate a large portable crane 
girder. The alloying ingredients in the flux are 
placed in the hopper and a mild-steel wire is being 
This will provide a weld equal in strength to 
Since a fillet weld can be de- 


used. 
the plate material. 
signed to meet any strength desired by merely 
increasing the size of the weld, this joint could be 
welded with mild-steel wire and mild-steel fluxes. 
However, the size of the fillet would be considerably 
larger and the economics of each job should be con- 
sidered to determine whether the savings of the 
smaller weld will offset the higher cost of welding 
materials, 

One of the latest improvements in semiautomatic 
welding is the use of a self-propelled gun in which the 
operator can set the travel speed, and the small motor 
attached to the gun with a serrated driving wheel 
will propel the gun along the joint at the predeter- 
mined speed. Since the current and voltage can be 
fixed at the welding machine, all the variables are 
thus held under rigid control. The alloy flux is put 
in the 100-lb tank and forced to the gun by means of 
air pressure. This equipment increases the speed 
and simplifies the control of making alloy deposits. 
The current and voltage are set and the speed of 
travel is varied to produce different-sized fillet welds. 
As an example, the current is normally pegged at 
525 amp at 38 v and, then, by simply varying the 
travel speed from 32 to 12 pm, fillet sizes from '/, 
to */, in. can be made. Having the current set at a 
high amperage immediately produces the effect of 
maximum melt-off rate even on small-sized fillets. 
Figure 6 shows the equipment being used to make a 
heavy pressure vessel. 

An example of a chrome buildup on a mild-steel 
plate is shown in Fig. 7. This has many applications 
in the surfacing of valve gates and other applications 
where a corrosion-resisting layer is deposited on the 
main body of low-cost steel. Quite often the problem 
is to obtain a deposit of a certain chromium analysis, 
say Type 410, which will be 11.50 to 13.50% 
chromium on a base metal of mild steel and may 
or may not be of fairly high-carbon material. 
Very little dilution is desired, and, when a straight 
410 chrome electrode is used, a certain amount of 
the chromium will be lost in the are and a much 
larger percentage will be lost due to dilution with the 


base metal. An alloy flux is used in this case in con- 
junction with a chromium electrode to replace the 
material lost in the are and by dilution. Sample 
welds may be made, and, if the chrome, for example, 
is only 10.5%, the flux can be compounded with more 
chromium until the chrome content of the deposit 
is 12%. Slight variations in procedure will 
enable the analysis to stay well within the range 
specified for the deposit. This particular sample was 
welded with a twin-are automatic with a twin-are 
attachment which oscillated the are and made a 
bead approximately 1'/; in. in width. As can be 
seen from the sketch in the upper corner of the figure, 
very little penetration into the base metal occurred 
and, therefore, the dilution of the chromium deposit 
was very slight. The alloy flux compensated for 
this dilution and results were well within the speci- 
fied range for 410 chromium. 

In welding stainless steel, a rod of the same analysis 
as the plate is normally used. The alloy flux merely 
adds the materials that are normally lost in passing 
Chromium is one element that 
A special flux for welding 


through the are. 
is usually lost in this way. 
the normal chrome-nickel steels adds enough chro- 
mium to the deposit to compensate for the loss in the 
18-8 steels up to the 25-20 steels. 
small pressure vessel being fabricated using 18-8 
base material and 18-8 electrode with a special 
stainless-steel flux. One of the additional features 
of the flux is that the slag is very easily removed and 
does not have any tendency to remain on the weld in 
In the particular ex- 


Figure 8 shows a 


small slivers after cleaning. 
ample shown, the vessel was welded inside and out 
by means of a small, goose-necked boom which could 
enter the end and weld the bottom and head to the 
shell, as well as weld the longitudinal seam inside the 
vessel. 

Equipment, such as tractor rollers and idlers, must 
withstand considerable impact. In hard surfacing 
these parts, the material used should not be so hard 
as to wear away the track links. For this purpose, a 
rather low-alloy flux is used which is cheaper than 
buying an alloy electrode to put down a large deposit. 
With an alloy flux, the first few build-up passes can 
be put in at low voltage, and the resulting melting of 
less flux will put less alloy in the deposit. It will be 
possible to put in an analysis that can be built up to 
several layers without undue hardness or chance of 
spalling. Then, the finished layers can be put in 
with a higher voltage to increase the alloy pickup and 
wear resistance. 

One of the most useful applications for hard-surfae- 
ing fluxes is in the manufacture and maintenance of 
The edges are built up with twin- 
electrodes 


grader blades. 


mild-steel 
A grade of flux is 


are oscillating heads using 


and hard-surfacing alloy fluxes. 
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Fig. 9—Grader blades are manufactured by depositing an 
alloy, abrasion-resistant weld-metal edge on mild-steel base 
metal. The 3-in. wide bead was deposited with an oscillat- 
ing, two-wire head 


Fig. 10—Dredge-pump casings can be rebuilt with alloy flux 
and mild-steel electrodes. The high-alloy deposit is com- 
posed chiefly of chromium carbide. The casing was 
mounted on a positioner to rotate under the welding gun 


chosen that will have high impact properties, as well 
as superior abrasion-resisting properties. The de- 
posit must be free from cracks because of the tremen- 
dous shock loads that these blades are subject to 
(Fig. 9). 

Dredge-pump casing can be rebuilt after having 
been worn in use. The alloy flux and mild-steel 
electrode are applied directly on the manganese-steel 
casting (Fig. 10). This is a very high-alloy deposit 
which is composed principally of chromium carbide. 
This deposit will tend to have very small cracks due 
to the high-alloy content. However, these cracks 
perform a desirable service in that they relieve the 
stresses in the deposit and prevent the high-tensile 
deposit from pulling loose or spalling from the base 
material. A job such as this can be built up at 
about 50% of the cost of hand welding and '/; of the 
cost of a new pump casting. 

A hard-surfaced mixing blade from a Banbury 
mixer is shown in Fig. 11. A low-alloy flux is used 
to rebuild the bearing surfaces at each end of the 
shaft using a full-automatic machine. The irregu- 
larly shaped surfaces of the mixing blades them- 
selves cannot be built up with an automatic machine, 
and this work is done with a semiautomatic welder 
with the work either stationary or being rotated in a 
turning fixture. It is an interesting example to 
show how varying planes of surface can be built up 
by hand with automatic processes and a very excel- 
lent finished surface obtained. The hard surfacing 
on the blade itself is of as high an alloy content as 
ean be used without producing any cracks in the 
built-up surface. The blade is water-cooled and, 
upon severe use, any minor cracks in the welded de- 
posit would tend to open up and cause leaks of the 
cooling fluid. 


Fig. 11—The curved surface of this banberry mixing blade 
was surfaced using semiautomatic equipment 
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Fig. 12—In making a cyclone-dust collector, the interior surface of the relatively lightweight cone was given abrasion 
The cone was rotated under the automatic head 


resistance by depositing hard-surfacing weld metal. 


An interesting example of the use of alloy fluxes in 
fabricating is the cyclone dust collector shown in 
Fig. 12. Mild-steel sheets were rolled to shape and 
the interior surface hard-surfaced. An ex- 
tremely abrasive dust will cut away the surface of an 
ordinary cyclone in a few months, whereas the hard- 
surfaced material, even though it is being done on 
rather light material, will withstand the highly 
abrasive wear for several years. 

The power-piping industry has many applications 
for alloy fluxes. Two techniques can be used. One 
method, which would be the cheapest, would be to 
use alloy fluxes exclusively with mild-steel electrodes. 
On some applications, where there are a great many 
changes in analysis, the problem of storing several 
alloy fluxes and keeping them properly identified is 


was 


solved by using drums that are plainly marked and 
returning to them any unused flux in the machine 
hopper. The second method is useful where many 
frequent changes in analysis occur. 
found advantageous to keep several reels of alloy 


It is sometimes 


wire at slightly greater expense and use one universal 
alloy flux which merely adds enough chromium to 
compensate for that lost in the are. This means that 
wire, made from the same heats of steel as the piping 
itself, can be more readily obtained, since there is no 
need to go to special analysis wire to raise the 
chrome content in the electrode to compensate for 
that which will be lost in the This small 
amount of chrome can be picked up from a universal 
alloy flux that can be used on all ranges of chrome and 


are. 


chrome-molybdenum piping. 
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Vertical fillet weld being made on 16-gage stainless steel 


Inert-Gas 
Consumable-Electrode 
Welding of 

Thin Material 


Development program results in process 
capable of welding the common materials 
in a range of thickness from 0.015 to 

1/8 in. at high production speeds 


BY T. McELRATH 


T. MeELRATH is Laboratory Division Head, Newark Development 
Laboratory, Linde Co., Division of Union Carbide Corp. 
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Fig. 1—Comparison of fillet welds 


INTRODUCTION. Covered-electrode and . tungsten-arc 
welding have, for some time, provided good results at low 
welding speeds on material of 16-gage and heavier. Attempts 
to apply these processes on thinner material or at higher 
production welding speeds have, however, revealed serious 
limitations. During the past few years, the new inert-gas 
consumable-electrode process has been unsuccessful for joining 
thin material at high speeds, but has proved its ability to weld 
the common metals !/s in. and thicker. 

Recently, a development program was undertaken to apply 
inert-gas consumable-electrode welding to thin material. 
The result is a process capable of welding the common metals 
in a range of thicknesses from 0.015 to !/s in. at high produc- 
tion speeds. 

This paper describes the limitations of the established arc- 
welding process as applied to thin materials, and discusses the 
new developments in inert-gas consumable-electrode welding 
which have succeeded in overcoming these limitations. The 
success of the work is illustrated by production examples. 


Limitation of Existing Methods 

When welding thin material with the covered-elec- 
trode and tungsten-are processes, these two limita- 
tions are encountered : 


1. The welding speed is not high enough for good 
production output. 

2. Very thin material cannot be welded, par- 
ticularly in fillet welds. (A notable excep- 
tion has been the success of tungsten-are 
butt welding of thin stainless steel.) 


It appears that, when these two processes are 
applied to fillet welds, an inherent premature melting 
action takes place. This causes the sheet to melt 
away from the corner and prevents penetration into 
the corner (see upper sketch in Fig. 1). 

Originally, inert-gas consumable-electrode welding 
had the same limitations. Relatively large wires, 
'/1s in. diam and up, also caused premature side 
melting. When currents were reduced, very un- 
stable ares resulted. Three new developments in the 
process have, however, overcome these limitations 
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Fig. 2—Comparison of types of metal transfer 
showing short-arc techniques 


by providing control of the are (see lower sketch in 
Fig. 1). The development of new short-are tech- 
niques, suitable power supplies and wire-feeding 
equipment has been a most important step in ex- 
tending the inert-gas consumable-electrode process 
to the welding of thin material. 


New Techniques 


Short-Arc Techniques 

Short arcs must be used to overcome premature 
side melting and to pinpoint the welding action to a 
definite spot, such as the corner of a fillet weld. 
The short-are technique is characterized by a voltage 
about six volts lower than normal, and by an action 
consisting of a great many short-duration short-cir- 
cuits of the wire to the work. Figure 2 compares 
the short are to normal ares. The short-are tech- 
nique permits the welding of fillets as well as ver- 
tical and overhead welding. The short-are tech- 
nique also makes it possible to weld thin material 
for a great many applications. 


Constant-Potential Power 

During early efforts to apply the short-are tech- 
nique using power supplies with drooping charac- 
teristics, the wire froze to the work intermittently 
and unstable long-to-short ares were encountered. 
The new constant-potential power-supply units, 
however, are able to provide high surge currents and 
produce multiple, rapid, short circuits leading, in 
turn, to stable ares. It is important that the power 
circuit provide the right amount of surge. The 
original constant-potential units provided surge up 
to 1500 and 2000 amp, and this has been found to be 
excessive. More recent units, however, reduce this 
surge and provide an ideal are condition. The need 
for constant-potential power has been clearly 
demonstrated, but its use requires a “‘steady hand.”’ 
Constant-potential power provides a voltage which 


Fig. 4—Metal deposition rates for small-diameter 
carbon and stainless-steel wires 


is essentially constant. It is also necessary that the 
voltage drop in the welding equipment and wire be 
held constant to provide a stable arc. The tip-to- 
work distance is a measure of the amount of exposed 
wire causing the voltage drop. Variation in this 
distance causes a variation in the burn-off rate and 
thearelength. Figure 3 illustrates this phenomenon, 
and an understanding of it is necessary to produce 
good results, particularly for manual welding where 
operator technique can affect this factor. For ex- 
ample, at a constant current of 40 amp, the burn-off 
rate of 0.015-in. diam stainless-steel wire changes 
from 1'/, to 2'/. lb per hr when the tip-to-work 
distance is raised from */; to */,in. A steady hand is 
required to maintain the tip-to-work distance at 
about */s in. 


Small-Diameter Wires 

With the right constant-potential power units and 
suitable operator technique, adequate wire-feeding 
equipment for small wires had to be provided. This 
was done by developing accessories to prevent wire 
buckling and by developing pull-type equipment for 
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Fig. 5—Metal deposition rates for small-diameter 
aluminum wires 


O15 SS WIRE 
24 GAGE 


B+ 020 ss wire 
20 GAGE 


030 ss wine 


16 GAGE 


Fig. 6—Cross section of mechanized butt welds in 
three different thicknesses of stainless steel 


manual welding with soft wires. Many machine and 
manual welding applications are under way using 
this newly developed equipment. 

The last step in preparation for production weld- 
ing with small-diameter wires was the determination 
of minimum and maximum burn-off rates and wire- 
feed speed. For carbon and stainless steels, 0.015 to 
*/-in. diam wires are practical and useful. As 
indicated by Fig. 4, these wires are suitable with a 
current range of from 40 to 200 amp direct current, 
reverse polarity and wire-feed speed of 150 to 1200 
ipm. These values cover the full range of the process. 

Similar plots for aluminum wire are shown in Fig. 
5. It may be noted that the lower operating volt- 
ages are accompanied by a considerable increase in 
burn-off rate. 


Process Investigation 


Extensive process investigation was undertaken 
after combining all of the initial results obtained with 
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Fig. 7—Overhead fillet weld being made on 
16-gage stainless steel 


Fig. 8—Cross section of manual overhead fillet weld 
in 16-gage carbon steel 


the short-are technique, power supplies and the 
mechanics of feeding small wires. A laboratory 
investigation was undertaken on the butt welding of 
stainless steel. Figure 6 illustrates butt welds made 
without the use of backing on three thicknesses of 
material using three different wire sizes. With these 
wires, excellent penetration can be obtained even 
when welding 24-gage material with 0.015-in. diam 
wire at a current of 75 amp direct current, reverse 
polarity. All of these welds were made at a speed of 
50 to 60 ipm using 35 efh of a mixture of 95°) argon 
and 5% oxygen. 

Manual welding may be performed in the vertical 
and overhead positions as easily as in the downhand 
position. Some operator skill is required to main- 
tain the proper tip-to-work distance and to main- 
tain a steady are. With a little practice, however, 
most experienced operators will master the tech- 
niques for welding in all positions. Figure 7 shows a 
weld being made on 16-gage stainless steel in the 


} 
| , 
= WELDING CURRENT AMP DCRP 


BUTT WELD 
0.016 IN. ALUMINUM 


0.020 IN. DIA. WIRE 


Fig. 9—-Aluminum weld—top, bottom and cross section 


Fig. 10—Welded storage and shipping container 
for jet fuel tank 


overhead position, with a speed of 22 ipm, at 20 v. 
The resulting cross section is shown in Fig. 8 where 
penetration, bead contour and weld soundness are 
all of the highest degree. 

In welding thin aluminum, as in welding steel, 
inert-gas consumable-electrode welding has proved 
to have advantages over tungsten-are welding. For 
example, when attempts were made to use the tung- 
welding 0.016-in. thick 
aluminum, the results were unsatisfactory because of 


sten-are process for butt 
excessive burn-throughs. The first attempt to apply 


inert-gas consumable-electrode welding, however, 


resulted in satisfactory 3-ft long seams. Figure 9 
illustrates the top, bottom and cross section of this 
weld made at a speed of 20 ipm using 0.020-in. diam 
aluminum wire and a flat copper backing. It is 
interesting to note the thickness and width of the 
weld in comparison to the thickness of the base 


metal. 


Fig. 11—Circumferential butt weld being made 
for shipping container 


Fig. 12—Flange butt weld (schematic) for shipping container 


Carbon-Steel and Stainless-Steel Applications 
These new techniques have been applied to the 
fabrication of carbon-steel containers for shipping 
and storing jet fuel tanks illustrated in Fig. 10. 
One of the welds in this fabrication consists of a butt 
weld made against a solid backing. Figure 11 shows 
the weld being made at a speed of 42 ipm using 
0.030-in. diam wire. Another weld involves the 
s-in. thick angle sections (see dia- 
The weld is made at a speed of 36 
In all instances, the 
welding speed is at least double the speed possible 


joining of two ! 
gram in Fig. 12). 
ipm using */¢4-in. diam wire. 


with other welding processes 


Aluminum Applications 

The fabrication of aluminum fuel tanks involves a 
considerable amount of welding. The inert-gas con- 
sumable-electrode process with small-diameter wires 


has proved to be a very useful tool for this work. 
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Fig. 13—Component parts of jettisonable 
aluminum fuel tank for jet aircraft 


Fig 14—Longitudinal weld being made at 90 ipm 
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Fig. 16—Close-up of longitudinal weld on another 
aluminum fuel tank 


Figure 13 illustrates the components including a 
0.064-in. thick cylindrical tank, the longitudinal 
edges of which are joined through a butt weld to a 
0.090-in. thick extrusion. Extruded rings are also 
joined to the ends of the cylinder. The tapered 
nose and tail sections are fabricated by tungsten-arc 
welding at much lower welding speeds due to the 
jigging problems. Figure 14 depicts two welding 
units mounted on a single carriage that simultane- 
ously welds the two longitudinal seams at a speed of 
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Fig. 17—Completed center section of fuel tank 


The two girth seams 
are also welded simultaneously, at approximately 
Figure 15 
assembly, completed by bolting the extrusions to- 
gether. 

In a similar operation at another plant, a 0.080-in. 
extrusion flange is butt welded to a 0.071-in. tank 
skin. 


tioned over a girth copper backing bar. 


90 ipm using */¢-in. diam wire. 


the same welding speed. shows the 


Welding speed is 50 ipm, and the joint is posi- 
Figure 16 
This weld is ex- 
tremely uniform with a wide, cleaned zone on each 


is a close-up of a completed weld. 
side. Weld uniformity and the clean zone on each 
side are characteristic of the inert-gas consumable- 
electrode process as applied to the welding of 
aluminum. The complete center section may be 
seen in Fig. 17; and, once again, the cleanliness and 
uniformity of the weld may easily be observed. 
Figure 18 illustrates the finished product in various 
In the background, the weld 
After the final treat- 
ment, the tanks give the impression of having been 


stages of completion. 
zone areas are clearly visible. 


fabricated from a single piece. 

Another application showing the versatility of the 
inert-gas consumable-electrode process involves the 
welding of an end cap in the cylinder of an oil cooler. 
The assembly consists of a cluster of ten 3-in. tubes, 
and the fixture is designed so that the tube being 
The welding 


ap. 3 
e471. 


welded is pivoted about its axis. 
speed for this application is 100 ipm using 


Fig. 19—Welding of oil-cooler tubes in progress 


diam wire. It represents an application which would 
be difficult, if not impossible, with the tungsten-are 
process. Figure 19 is a photograph of this operation 


in progress. 
Conclusion 

The chief requirement of a process for welding thin 
material at high speed is its ability to localize the 
welding action. Neither covered-electrode nor tung- 
this ability. 
New developments, however, have advanced the 


sten-are welding has demonstrated 
inert-gas consumable-electrode process into the field 
of welding thin material. This has been made pos- 
sible by a combination of the new short-are tech- 
niques, suitable constant-potential power supply 
units, and the ability to feed small-diameter wire. 
The process has achieved high-production welding 
speeds on aluminum, stainless steel and carbon steel, 
by hand and by machine, on material ranging from 


0.015 to '/s in. in thickness. 
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Typical soldering operation on aluminum parts 


Joining Aluminum with High-Zinc Solders by 
Abrasion Soldering 


At temperatures above 700°F, high-zinc solders become molten 
and alloy readily with aluminum when the aluminum surface is 
subjected to a slight abrading action under the molten solder 


By O. R. SINGLETON, JR. 


INTRODUCTION. Abrasion soldering of aluminum, also 
called ub-soldering’’ and “friction soldering,’ with high- 
zine-content solders is a very useful and relatively old tech- 
nique which, until recently, has been used primarily in the 
filling and sealing of castings. At temperatures above 700° F, 
high-zine solders become molten and alloy readily with 
aluminum when the aluminum surface is subjected to a slight 
abrading action under the molten solder. Joints can then be 
made either immediately or at a later time using the zinc- 
coated area as a base. 


0. R. SINGLETON, JR., is Research Engineer at the Metallurgical 


Research Laboratories of Reynolds Metals Ce., Richmond, Virginia. 
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Since the joining temperature is above 700° F, the opera- 
tion is referred to generically as ‘shard soldering’’ in contrast 
to “soft soldering’ which is performed at joining temperatures 
below 700° F and usually around 400 or 500° F. This is the 
conventional lead-tin soldering range. On a temperature 
scale, “‘hard scldering’’ is below brazing which is generally 
classified as joining at temperatures above 1000° F and, like 
soldering, entails no melting of the base metal. In contrast to 
brazing, welding processes involve melting of the base metal. 

In joining aluminum, the filler metals used for brazing and 
welding consist primarily of aluminum. Aluminum solders 
contain either minor proportions of aluminum or no aluminum. 


A 
2. 

we ; 
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Therefore, soldered aluminum joints are more dissimilar 
galvanically than either brazed or welded joints; and, accord- 
ingly, soldered joints are inherently the least corrosion resist- 
ant of joints prepared by the three joining methods. The 
advantages of soldering stem from the fact that the operation 
is performed at relatively low temperatures with compara- 
tively simple equipment such as is shown in Fig. 1 

In order to be specific, a list of the properties of some high- 
zine solders is given below. After a consideration of these 
properties, the value of high-zine abrasion soldering as a join- 
ing technique for aluminum can then be assessed by consider- 
ing both the advantages and the disadvantages of the tech- 
nique. 

Some Properties of Zinc Solder Alloys 

1. Pure Zinc; melting point, 787° F; 
strength, 16,000 psi (approximate). 

2. Zinc-5.5% 
to 743° F (approximate) 
(approximate). 
slush casting alloy. 

3. Solder “A”; Zinc—6% 
Copper; melting range, 716 to 750° F (approximate) ; 
tensile strength, 30,000 psi (approximate); joint 


tensile 


melting range, 716 
tensile strength, 25,000 psi 


Aluminum;* 
This alloy is usually considered 


Aluminum and 2.5% 


shear strength, 15,000 psi 
4. Solder “‘B’’; 


(approximate). 
Zinc—3.9% Aluminum and 3.4% 


"4 


Fig. 1—Some abrasion soldering equipment. From left to 
right: an early fiber-glass-brush soldering tool, an iron ‘‘hold- 
down” weight, a propane-air torch, some aluminum sections, 
below which are two high-zinc soldering sticks 
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Fig. 2—Abrasion soldering a lap joint in aluminum 
A. Abrasion ‘‘tinning’’ with a high-zinc solder 
B. Removal of floating oxide 

C. ‘Finishing-off’’ by forming a solder fillet 
D. 


A bend test of the joint 


Copper; melting range, 716 to 750° F (approxi- 
mate).* 

5. Zinc—0.01% 
787° F (approximate) ; 


(approximate). 


melting point, 
20,000 psi 


Magnesium; 
tensile strength, 


Advantages 

When used under the pret conditions, the high- 
zine abrasion solders may be classified as good to 
excellent for aluminum with respect to both joint 
strength and corrosion resistance. 

Since abrasion soldering does not require flux, the 
problem of acceleration of corrosion due to the 
entrapment of flux residuals is eliminated when this 
technique is employed. These zinc solders will wet 

“tin” aluminum with a minimum of rubbing or 
vibration and, in general, comprise the most corro- 
sion-resistant solders for aluminum when based on 
special (99.99% Lower 
grades of zinc require copper additions for fairly 
Figure 2 illustrates the 
abrasion soldering of a lap joint showing abrasion 
tinning, oxide removal, forming of a solder fillet 
between the joint members and a bend test of the 
resultant joint. 


high-grade zine zine). 


good corrosion resistance. 


Limitations 
Abrasion soldering is inherently limited to those 
cases where solder may be applied directly to the 


* The zinc- aluminum eutectic contains about 3 5% ‘aluminum and has a 
melting point of 716° This eutectic alloy has been used successfully 
as a solder for aluminum 

+ The zinc-magnesium eutectic contains about 3% 
has a melting point of 685° F. 


magnesium and 
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Chamfered butt-joint 


Tee joint 
Fig. 3-—-Two types of soldered joints 


Fig. 4—High-zinc abrasion-tinned aluminum section. Center 
of tinned portion has been scraped to provide contrast with 
area covered by broken-up, floating aluminum oxide 


Fig. 5 (left}—Section whose end has apparently been pre- 
tinned due to false wetting. Fig. 6 (right)—Same section as 
that shown in Fig. 5 after reheating to above the solder melt- 
ing point. Note that the solder has ‘‘balled up’’ (de-wet) 
indicating an aluminum-solder bond had not been achieved 


joint area. The main limitations of the zince-base 
solders stem from their high melting point and, when 
molten, their rapid penetration of aluminum. 

The following examples serve to illustrate some 
practical limitations: 

Because of solder penetration into the base metal, 
the thinnest sections successfully soldered by this 
technique are about 0.02 in. thick. Far less opera- 
tor skill is required when the material is about 0.1 in. 
thick. 

Because aluminum has a high heat conductivity, 
only rarely will a soldering iron provide enough heat 
to raise a section above the melting point of zinc 
solders. For relatively small sections, a propane-air 
torch works well; for large sections, hotter flames 
are required. Some skill is required in torch solder- 
ing to prevent “burn-through,” localized melting or 
severe solder penetration because aluminum does 
not undergo a color change on heating up to its 
melting point (approximately 1200° F). 

Since the solder flow in itself does not disrupt the 
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aluminum-oxide film, pretinning of lap-type joints is 
necessary. Joining pretinned pieces involves either 
remelting of the solder or maintaining a molten- 
solder coating for relatively long times. Pretinning 
increases solder penetration of the base stock as com- 
pared to that occurring in directly soldered tee 
or chamfered butt-type joints. The latter joint 
forms are shown in Fig. 3. 

Excessive penetration of aluminum by zine will 
cause embrittlement. Penetration can be retarded 
by using low joining temperatures and solders which 
contain a small percentage of aluminum. 


Techniques 


Although not absolutely necessary, it is best to 
remove floating oxide from the surface of the molten 
zine with a scraper when preparing lap-type joints. 
This aspect of soldering is illustrated in Fig. 4. 

If the oxide film has not floated, then wetting of 
the aluminum probably has not taken place. The 
usual cause of apparent, but not actual, wetting 
(called “false wetting’’) is that the solder was melted 
by the heat source rather than the aluminum and 
that the surface was not abraded sufficiently to per- 
mit the solder to penetrate the oxide film. Figure 5 
shows an area which was apparently pretinned. 
Upon beating the area above’ the solder melting 
point, a test for “false wetting,” the solder ‘‘de-wet”’ 
and “balied up” as can be seen in Fig. 6. 

For best results, temperature control should be 
such that the aluminum to be tinned is about 50 or 
100° F above the liquidus temperature of the solder. 
An experienced operator can usually maintain the 
necessary temperature control quite easily. 


Conclusions 


Although far from a panacea for every aluminum- 
soldering problem, high-zine abrasion soldering pro- 
vides a useful joining technique under specific condi- 
tions. 

Once acquainted with the method and its limita- 
tions, an operator can quickly achieve sufficient 
skill to produce consistently fine joints in small 
sections of heavy gage. Either large sections or thin 
gage sections require considerable operator skill and 
experience. Sections under approximately 0.02 in. 
thickness are generally not adapted to this joining 
technique. 

High-zine abrasion-soldered joints will usually 
have the best corrosion resistance obtainable for 
soldered aluminum. To attain this corrosion resist- 
ance, the solder base stock must be pure zinc 
(99.99% zinc) containing aluminum or magnesium as 
alloying elements, if any are employed. Even small 
amounts of impurities, especially of lower melting 
point metals, have significantly detrimental effects 
on joint corrosion resistance. 
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Fig. 1 Start of the journey: four 110-ft high offshore structures are towed down the Bayou toward Maracaibo. 
Each structure weighs about 40 tons—'/; lighter than the equivalent in steel 


Mirage in Maracaibo BY H. W. BAILEY AND R. S. MAY 


Tourists on Caribbean cruises might think they’re 
seeing things when a huge barge passes them by 
with four 110-ft high, glistening aluminum structures 
secured to its deck (see Fig. 1). But this is not a 
mirage—it’s a monthly occurrence these days as 
McDermott Fabricators, Morgan City, La., delivers 
its quota of offshore oil structures to Lake Maracaibo, 
Venezuela. 

Lake Maracaibo, site of the richest offshore oil field 
in the world, is a tidal basin in which 41 brackish 
rivers from the nearby Andes Mountains meet the 
salt water of the Gulf of Venezuela and the Car- 


H. W. BAILEY is general manager of McDermott Fabricators, Morgan 
City, La., and R. S. MAY is a welding sales engineer at Linde Co., 
New Orleans, La. 


The corrosive water that is formed 
rapidly deteriorates mild-steel offshore structures 
and marine equipment. 


ibbean Sea. 


with the gas- 
shielded tungsten-are cutting and gas-shielded metal- 
of structures made of 6061-T6 
These huge structures actually serve 


This condition led to the fabrication 


are welding processes 
aluminum. 
as “jackets” to protect steel pilings from the corrosive 
action of the water. 

After a structure is lowered into the water, steel 
pilings are driven down through each of its four legs 
in order to anchor the structure to the lake floor. 
The interior of each aluminum leg is separated from 
the steel pilings by rubber rings in order to prevent 
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oxidation through contact of the dissimilar metals. 
The deck section is then set in place on the pilings 
which provide the support for oil-drilling equipment. 


Key to Success 

Preproduction planning definitely proved one 
point: without tungsten-are cutting it would have 
been impossible to build the huge aluminum struc- 
tures. Fabrication would have been simply eco- 
nomically impractical using conventional mechanical 
cutting methods. 

This high-speed inert-gas cutting process permits 
contour cutting of saddles for cross members, si- 
multaneous cutting and beveling of pipe ends, and 
shape cutting of numerous other parts (see Fig. 2). 
Most of the cutting at the fabricator’s plant involves 
*/,- and 1-in. thick plate and 8- to 10-in. diam, */;-in. 
thick pipe. 

For extra mobility, a valuable advantage in out- 
door fabrication, the equipment was set up to permit 
operation over 200 ft from the power source. Three 
cutting torches, performing with the versatility of 
oxyacetylene cutting of carbon steel, gave virtually 
trouble-free service although operated 18 to 20 hr a 
day at a speed of 30 ipm. 


The Other Half 

After the parts are prepared, the other half of the 
welding-and-cutting team goes into action. Struc- 
ture legs are fabricated in the fabricator’s yard from 
*/,-in. thick aluminum plate that is preformed, rolled 
into a 10-ft long cylindrical shape and then longi- 
tudinally welded by a gas-shielded metal-are welding 
head mounted on a motorized carriage (see Fig. 3). 
At a speed of 15 ipm, as many as forty 10-ft sections 
are produced per day. These sections are joined 
together by mechanized gas-shielded metal-are weld- 
ing to form the legs. 

The structures are then assembled by joining the 
legs, cross members, stiffeners and other parts, with 
manual gas-shielded metal-are welding. To speed 
assembly, the fabricator employs five portable weld- 
ing machines. R-S5B aluminum wire is used for 
all welding operations (see Fig. 4). 

Since the huge size of the structures necessitates 
outdoor assembly, fabrication continues even during 
inclement weather. In fact, it’s not uncommon for 
an operator to weld 100 ft in the air under 25-knot 
winds. 

Following welding, the completed 40-ton structures 
are mounted on barges and towed to Lake Mara- 
caibo—a 14-day trip of 1900 miles. Over 50 such 
structures have already been shipped to Lake Mara- 
caibo and the fabricator expects to raise this figure 
to over 60 by the end of the year—an outstanding 
accomplishment made economically possible by a 
high-speed welding-and-cutting team. 
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Fig. 2 Gas-shielded tungsten-arc cutting torch is 
used to cut structure stiffeners at fabricator'’s plant 


Fig. 3 An automatic gas-shielded metal-arc welding instal- 
lation, utilizing a welding head mounted on a motorized car- 
riage, makes a longitudinal weld to fabricate a 10-ft long 
aluminum leg section 


Fig. 4 An operator welds a structure support in place with 
a portable gas-shielded metal-arc welding machine and 
R-S5B aluminum wire 
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Fig. 1 Tacking end fitting to barrel of B-52 thrust 
brace by means of inert-gas-shielded tungsten-arc welding 


Fig. 2 Tungsten-arc welding seam between end fitting and 
barrel of B-52 thrust brace, as it spins slowly in massive 
three-jawed chuck 


Fig.3 Racked up fora rough finish. Milling machine opera- 


tor makes rough cut on attachment point bushing in near- 
final assembly step 


Stratofortress 


Shock Stopper 


Top operational bomber in the world today is the 
Boeing B-52. The big ship, manned by crack crews 
of the U. S. Air Force Strategic Air Command, is 
on ‘round-the-clock ‘round-the-world duty, as an 
ominous promise of instant retaliation against 
aggression. 

The 400,000-lb bulk of the big bomber and its 150- 
knot landing speed give it a concrete-cracking land- 
ing impact that’s measured in the millions of ft-lb. 
Four sets of massive landing gear help soak up the 
punch and 10 Ryan-built thrust braces of vanadium 
steel help carry the load from the landing gear to the 
fuselage. 

Since the difference between a successful landing 
and a washed-out multimillion dollar bomber lies in 
the ability of these thrust braces to take this day-in, 
day-out jarring, these thrust braces are tough, well- 
designed, precision-made and very thoroughly in- 
spected. Both magnetic inspection and X-ray are 
used in every step of manufacture. 

At first, manufacture of the braces to these high 
As originally de- 
two half shells, 
which were welded together longitudinally, to form 
the 5-ft barrel, and two end fittings with attaching 
points, which were welded on each end of the barrel 


standards was a tough problem. 


signed, they were made in four parts: 


to complete the assembly. 

Joining the barrel halves was accomplished by 
butting the halves together and holding them in 
position with a chill bar attached to the underside 
of the joint with studs. This proved unsatisfactory, 
because the barrel halves in the area of the studs 
cracked, necessitating grinding and fill welding of 
the crack. Further, metal-are welding was used 
and porosities developed where the weld was started 
or stopped each time the short welding electrode was 
used up. These showed up in X-ray films, and had 
to be ground out and fill-welded. 

An attempt was made to join the halves with hand 
but the 


slow speed caused overheating, which also caused 


inert-gas-shielded tungsten-are welding, 


porosity. The welding problem was solved by 
securing seamless tubing with the ends swaged down 
to accommodate the end fittings. 

Attachment of the end fittings to the barrels was 
the next problem to be attacked. At first, they were 


Based on a story by the Ryan Aeronautical Co., San Diego, Calif. 
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welded to the barrels in short passes, filling up the 
seam area. As with the barrels, a porous spot 
developed at each place the weld was started and 
stopped, and these porosities had to be ground out 
and filled. 

In solving this problem, three special fixtures were 
set up. The first was a portable preheat oven which 
heated the tubes and fittings to 200° F. The second 
was a holding fixture which supported the barrel and 
end fitting while the fitting was tack welded in posi- 
tion (see Fig. 1). Two '/:-in. welds were used to 
secure the fitting to a backing chill ring which was in 
turn secured to the barrel with two more '/;-in. 
welds. 

The third unit was a rotating, three-jaw chuck 
which clamped the barrel and the end fittings under 
an automatic inert-gas-shielded tungsten-are weld- 
ing machine (see Fig. 2). The machine feeds a '/¢- 
in. diam welding wire continuously, at 5 to 8 ipm, 
eliminating the porosities caused by starting and 
stopping with short electrodes. The machine is 


also equipped with a floating electrode head, elec- 
trically controlled to respond immediately to change 
in are voltage. The head raises or lowers auto- 
matically whenever the arc is shortened or length- 
ened—which occurs as the are passes over the short 
tack welds, and as the weld seam fills up. 

The seam is approximately °/; in. deep, and the 
machine fills it in 22 min, without porosity. Fifteen 
passes are required to complete the weld. The 
thrust brace, before welding, is purged with argon 
gas, and the temperature is not allowed to drop 
below 200° F. 

This technique virtually eliminated porosity and 
drastically reduced welding time. Work time per 
thrust brace has dropped from 10 hr to 1 hr. The 
necessary rework required to bring rejected units up 
to standard has dropped from 84°% to less than '/» of 
1%. Over-all tolerances and standards were excel- 
lent. 

Net result? <A 
price. 


better product at a reduced 


Welding Plus Planishing Improve Coffee-Pot Bodies 


Fig. 1 Coffee-pot body being contour roll planished 
to improve service life 
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Coffee-pot bodies are now being welded automatically 
by means of the inert-gas-shielded tungsten-arc process 
and contour roll planished, instead of being spun. 
This reduces manufacturing costs and improves service 
life. 

After forming and welding, the pot body is placed on 
the contoured arbor of a roll-planishing machine, the 
arbor swung into position and planished with a power- 
driven contoured pressure roll at a surface speed of 
105 ipm (Fig. 1). Fifteen seconds are required to load, 
planish and unload each body. 

Roll planishing smooths and flattens the weld even 
with the body metal, at the same time cold working 
the weld to relieve stresses caused by welding. Thus, 
normal weld appearance is improved and a stronger 
welded joint is obtained. 


Based on a story by Airline Welding and Engineering, Hawthorne, Calif. 
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AWS Assumes Secretariat of American Council of IIW 


On Jan. 1, 1959, the AMERICAN 
WELDING Society assumed the 
secretariat of the American Council 
of the International Institute of 
Welding. AWS National Secretary 
Fred L. Plummer will act as secre- 
tary of the Council, taking over the 
post relinquished by William Sprara- 
gen, Director of the Welding Re- 
search Council. Mr. Spraragen 
headed the Secretariat from October 
1954 through December 1958. 
Howard Biers, who has been chair- 
man of the Executive Committee of 
the American Council since 1948, 
will continue to serve in that capac- 
ity. Dr. Biers was president of 
IIW from 1954 through 1957. 

The American Council is spon- 
sored by three organizations within 
the United States: AMERICAN WELD- 
ING Society, Ship Structure Com- 
mittee and Welding Research Coun- 
cil. President G. O. Hoglund and 
National Secretary Plummer are 
the sponsor representatives for the 
AWS. Captain J. A. Brown, USN, 
and D. K. Felbeck, Committee on 
Ship Steel, represent the SSC; and 
Chairman E. E. Michaels and 
Director Spraragen represent the 
WRC. 

The International Institute of 
Welding was organized ten years 
ago and now consists of 58 member 
engineering and research organiza- 
tions representing twenty-seven na- 
tions. Included among the impres- 
sive list of member nations are 
Argentina, Australia, Austria, 
Belgium, Canada, Czechoslovakia, 
Denmark, England, Finland, France, 
Germany, Italy, Japan, Nether- 
lands, New Zealand, Norway, 
Poland, Romania, Saar, South 
Africa, Spain, Sweden, Switzerland, 
Turkey, the United States, U.S.S.R., 
Uruguay and Yugoslavia. Most 
of the I1W’s work is carried out 
through its technical commissions, 
or committees, as they are known in 
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the United States. The American 
Council has at least one delegate, or 
representative, serving on each com- 
mission. In many cases, experts 
also participate in the work of these 
same commissions. 

At present, the IITW consists of 
fifteen commissions. They deal 
with gas welding and allied proc- 
esses; arc welding; resistance weld- 
ing; documentation; testing, meas- 
urement and control of welds; ter- 
minology; standardization; hy- 
giene and safety; behavior of metals 
subjected to welding; residual 
stresses and stress relieving; pressure 
vessels, boilers and pipe lines; special 
arc-welding processes; fatigue test- 
ing; welding instruction; and fun- 
damentals of design and fabrication 
for welding. 

The reputation that the ITW 
maintains on the international level 


is perhaps well illustrated by the 
working commissions of the 
European Steel and Coal Com- 
munity. This group, when starting 
work on the specification of weldable 
steels, considered~ the document 
prepared by the IW on the subject. 
This reference by}the group was in 
no way prompted by the ITW. 

The next meeting of the Interna- 
tional Institute of Welding will be 
held this coming summer in Opatija, 
Yugoslavia, from June 28th to 
July 4th. The opening session will 
deal with “Welding and Allied 
Processes—-Gas Cutting, Building- 
Up, Bronze Welding, Surface Hard- 
ening, Metal Spraying—in Mainte- 
nance and Repair Work.”’ Those who 
desire to present papers at the open- 
ing session are requested to contact 
the Secretary of the American 
Council. 
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Twelve Papers to Highlight Midwest Welding Conference - 


Current developments in weld- 
ing—from ultrasonic welding to the 
practical aspects of welding in 
missile applications—will be dis- 
cussed at the 5th annual Midwest 
Weiding Conference on January 
28th and 29th in Chicago. 

The conference is sponsored an- 
nually by Armour Research Founda- 
tion of Illinois Institute of Tech- 
nology and the Chicago Section of 
the AMERICAN WELDING SOCIETY. 

Papers to be presented at the 
morning session of the first day will 
be: ‘Factors Affecting the Choice of 
Gas-Shielded Metal-Arc Processes,” 
by R. C. Becker, assistant general 
supervisor of welding research at 
International Harvester Co.; ‘“‘Arc 
Welding of HY-80 and T-Steels,”’ R. 
David Thomas, Jr., president, Arcos 
Corp , and “‘Recent Developments 
in Welding Abroad,’’ Clarence Jack- 
son, Linde Company. 

“What About Ultrasonic Weld- 
ing?” will kick off Wednesday’s 
afternoon session. The paper will be 
presented by J. R. Wirt, welding 
engineer for the Deico Remy Divi- 
sion of General Motors Corp. 

Other papers in the afternoon 
session include: ‘‘Resistance Weld- 
ing Applications at Western Electric 
Hawthorne Works,” by John D. 
Eyestone, welding development en- 
gineer, and ““New Developments in 
Resistance Welding,” by Arthur 


Schueler, chief development engineer 
of Precision Welder and Flexopress 
Corp. 

Speakers scheduled for the Jan- 
uary 29th technical sessions, and 
titles of their papers are: John 
Mikulak, assistant to the vice- 
president, Worthington Corp., “‘Eco- 
nomics of Welded Fabrication’’; 
R. H. Beeder, assistant chief en- 
gineer, Atchison, Topeka and Santa 
Fe Railway System, “Welding of 
Rails for Railroads;’’ Clarence R. 
Rea, senior field engineer, Bridge 
Division, Texas Highway Depart- 
ment, ‘‘Use of Welding in Highway 
Construction’; William A. Wilson, 
acting chief, Methods Research and 
Development, Army Ballistic 
Missile Agency, ‘‘Practical Aspects 
of Welding in Missile Applications’’; 
Corbin Chapman, Combustion En- 
gineering, ‘““The Case for Stress 
Relief Annealing’; and Louis J. 
Larson, consulting engineer, Allis- 
Chalmers Manufacturing Co., 
“The Case Against Indiscriminate 
Use of Stress Relief Annealing.” 

The meeting will be held in the 
IIT Chemistry Building, 3255 S. 
Dearborn St. 

Information concerning the con- 
ference may be obtained from Harry 
Schwartzbart, supervisor of welding 
research, Armour Research Founda- 
tion, 10 W. 35th St., Chicago 16, 
Ill. 


EAC MEMBERS TOUR GENERAL MOTORS INSTITUTE 


Morris D. Thomas (seated), Head of Welding Engineering at the General Motors Insti- 
tute, demonstrates an arc-welding chamber to members of the AWS Educational Activi- 


ties Committee, which met recently at the G. M. Institute, Flint, Mich. 


Reading from 


left to right, are C. E. Jackson, chairman, R. B. McCauley, J. N. Alcock and F. L. Plummer 


District No. 1 Holds 
Welding Conference 


The Third Annual New England 
Welding Conference was held at 
Providence, R.I., on Thursday, 
Oct. 23, 1958. Sponsored by the 
AMERICAN WELDING Society, Dis- 
trict No. 1, the conference attracted 
a large attendance which included 
the President of the Society, 
Gustav O. Hoglund, Aluminum 


Company of America, and the 
National Secretary, Fred  L. 
Plummer. 


The conference consisted of a 
three-part program followed by a 
banquet. In the morning an educa- 
tional session was held in which 
three papers were given: ‘“Struc- 
tural Welding,”’ by Thomas Kavan- 
agh; “Welding of Tanks, Pressure 
Vessels and Piping,” by Fred L. 
Plummer; and “Cost Cutting 
through Welding,” by E. L. Smith. 

During the afternoon, welding 
demonstrations and technical ses- 
sions were held. Modern techniques 
for welding stainless steel were 
shown by the Crucible Steel Co. and 
for welding aluminum by the Alumi- 
num Company of America. 
Modern methods for welding piping 
were demonstrated by the Grinnell 
Co. and for welding cast iron by the 
Chapman Valve Co. 

The technical sessions included 


the following subjects: ‘“‘Inspec- 
tion,” by T. R. Hardin; ‘Welding 
for Nuclear Service,” by William 


Bunn; and “Brazing for High- 
Temperature Service,’’ by George S. 
Hoppin, III. 

President Hoglund gave the after- 
dinner address and spoke of the 
tremendous increase in the use of 
welding during the last few years. 
The final talk of the evening was 
given by Roger Clark, General 
Electric Co., who spoke on qualifi- 
cation and training of welders. 


Western Metal Exposition 
Begins on March 16th 


New alloys and fabricating proc- 
esses for general industry, air- 
craft, rockets, electronics and petro- 
leum production will be exemplified 
in the 11th Western Metal Exposi- 
tion presented by the American 
Society for Metals March 16th to 
20th at Los Angeles. 

The educational display will be 
held in Pan-Pacific Auditorium and 
specially erected pavilions. 

On the exposition dates, the 11th 
Western Metal Congress will be 
held in Los Angeles’ Ambassador 
Hotel. 

Technical sessions with authorita- 
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tive speakers will be conducted by 
the American Society for Metals, 
the Los Angeles Section of the 
AMERICAN WELDING Society, the 
Society for Nondestructive Testing 
and the Metals Branch, Southern 
Section of the American Institute 
of Mining, Metallurgical and Petro- 
leum Engineers. 


Michaels and Wilcoxson to Head 
Welding Research Council 


Ernest E. Michaels 5, president 
and director of Chicago Bridge & 
Iron Co., has been elected to a 3- 
year term as chairman of the Engi- 
neering Foundation’s Welding Re- 


Ernest E. Michaels 


search Council. Moving up from 
his previous WRC post, that of vice 
chairman, Mr. Michaels is succeeded 
by Leslie S. Wilcoxson. 

Mr. Michaels was graduated from 
South Dakota State College in 1920 
with a B.S. degree in civil engineer- 
ing and received his master’s de- 
gree from the University of Illinois 
in 1922. He joined CB&I in 1922 
as an engineer and subsequently 
held several plant and sales mana- 


Leslie E. Wilcoxson 
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gerial positions. He was elected a 
vice president and director in 1946 
and president in 1956. 

Mr. Wilcoxson, vice president in 
charge of the Babcock & Wilcox 
Co.’s Boiler division, obtained his 
engineering degree in 1922 from the 
University of Liverpool. He was 
first employed in the United States 
in 1923 by Carnegie Steel Co. as a 
test engineer. In 1926 he joined 
B & W as a mechanical engineer. 
He was promoted to executive assist- 
ant in 1931 and vice president of 
research and development in 1945. 
Mr. Wilcoxson attained his present 
position in 1955. 


Dallas Section Changes Name 
to North Texas 


The Board of Directors of the 
AMERICAN WELDING SOCIETY gave 
its official approval at their October 
10th meeting for the Dallas Section 
to change its name to the North 
Texas Section. 


C. G. Notley 
New Sustaining Member 


C. G. Notley & Co. Inc., 1209 
Johnston Bldg., Charlotte 2, N. C.., 
has joined the ranks of Sustaining 
Member companies of the AMERICAN 
WELDING SOCIETY. 

The organization was founded in 
1953 and due to expansion, was 
incorporated in 1955. The company 
specializes in resistance-welding and 
automatic arc-welding applications, 
representing some of the most out- 
standing manufacturers of equip- 
ment in these fields. The company 
also renders service on consulting 
engineering problems relating to 
specialized welding with industry 
throughout the ten southeastern 
states, having representatives in 
that area. 

C. G. Notley is the Sustaining 
Member representative. 


Oregon School Forms 
Student Chapter 


Formal approval was given at the 
Board of Directors meeting on Octo- 
ber 10th for the formation of an 
AWS student chapter at Oregon 
Technical Institute, Klamath Falls, 
Ore. J. D. Nydigger is chairman 
of the new chapter. 


New Supporting Company 
From Texas 


The latest firm to join the 
AMERICAN WELDING SOCIETY’s list 
of Supporting Companies is Dixie 
Form & Steel Co., P.O. Box 1997, 
San Antonio, Tex. The enroll- 
ment became effective on Nov. 1. 


AWS Supporting Company 
from Wisconsin 


Manowske-Becker Co., Inc., 41- 
43 W. Second St., Fond du Lac, Wis., 
have submitted their enrollment 
application for Supporting Com- 
pany membership in the AMERICAN 
WELDING Society. Given final ap- 
proval, the enrollment became effec- 
tive on Dec. 1, 1958. 


New Officers Elected by A!SC 


H. Buckley Dietrich was elected 
president of the American Institute 
of Steel Construction at a recent 
meeting of the AISC in White 
Sulphur Springs, W. Va. Other 
new officers elected were J. M. 
Straub, first vice president; H. G. 
Lewis, second vice president; M. 
H. Smedley, secretary; and E. P. 
Stupp, treasurer. 


United Engineering Trustees 
Name Fletcher President 


Andrew Fletcher, president of St. 
Joseph Lead Co., has been named 
president of United Engineering 
Trustees, Inc. 

United Engineering Trustees, Inc. 
was incorporated in 1904 for the pur- 
pose of advancing the engineering 
arts and sciences. Its board is com- 
posed of three representatives from 
each of the five professional societies 
representing the major branches of 
engineering—mechanical, civil, elec- 
trical, mining and _ chemical. 
Among other activities, the corpora- 
tion directs such research programs 
of the Engineering Foundation as 
the Welding Research Council. 

United Engineering Trustees, Inc. 
has purchased the block front be- 
tween 47th and 48th Sts. on the 
United Nations Plaza for the con- 
struction of a 20-story engineering 
center, the cost of which is roughly 
estimated at $10,000,000. Their 
present home on West 39th St. will 
be sold, and the Engineering Socie- 
ties Library will move into the new 
center; there the Library can 
greatly expand the services that 
have already made it one of the 
finest public engineering libraries in 
the country, if not in the world. 
The AMERICAN WELDING SOCIETY 
has been invited to move into the 
new facility when it is completed. 
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ARC WELDING AT WORK CU’ 


maintenance 
shop has 
ready-to-use 


power 


There’s no lost motion — no waiting for electricians, for 
special wiring or hook-ups when your maintenance man 
takes the power he needs to the job. 

Weldynamics recommends ready-to-use power in the 
form of a Lincoln Engine-Driven welder mounted on a 
gasoline powered truck. This combination saves as much 
as 125 man hours per month for one manufacturer. Aux- 
iliary power, standard on all Lincoln Engine-Driven 
welders, operates tools and lights, and 200 amp. welding 


Lincoln 200 amp. “Shield-Arc” Engine-Driven welder. Fur- current handles welding jobs with ease. 


nishes 115 volt DC auxiliary power for lights, tools, etc. Write Mobile maintenance shops with Lincoln Engine-Driven 
for Bulletin SB-1337. 


welders are saving money for others. Why don’t you put 
Weldynamics to work in your shop. 


The World’ Largest Manufacturer 
of Are Welding Equipment 


© 1958 The Lincoln Eleciric Company 


THE LINCOLN ELECTRIC COMPANY, DEPT. “1949, CLEVELAND 17. OHIO 


For details, circle No. 15 on Reader Information Card 
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@ Iv Is MY SINCERE HOPE that 1959 
may bring to each of you good 
health, with new and challenging ac- 
tivities commensurate with your 
talents and utilizing all of your 
energies. Success in meeting such 
challenges will bring you the rich 
personal satisfactions which we all 
seek. 


e@ Your Society begins this new 
year with full confidence and great 
vitality. Finances are sound. 
Membership is increasing. Your 
JOURNAL, acclaimed throughout the 
world, presents many new features 
with this issue. The second section 
of your authoritative HANDBOOK 
has been distributed to members 
and to thousands of others who 
properly consider it to be the best 
source of information on welding 
and allied activities. Each month 
your Technical Department pub- 
lishes new or revised codes, stand- 
ards and recommended practices 
such as the Soldering Manual, 
Welding Symbols, Electrode Com- 
parison Charts, Construction Codes, 
Electrode Specifications and Safety 
Standards. Educational activities 
are rapidly expanding with several 
course outlines and training manuals 
being prepared, guidance and re- 
cruitment of students and trainees 
being actively promoted, and con- 
ferences and courses sponsored for 
vocational, in-plant, Section and 
College groups. We are proud to 
note that the engineering course 
leading to a degree as Welding En- 
gineer at Ohio State University has 
now been fully accredited by ECPD. 
Your 1959 Welding Exposition will 
occupy more space, demonstrate 
more equipment and be visited by 
more people than any previous weld- 
ing exposition. Technical papers, 
including those co-sponsored by the 
Ship Structure Committee and a 
division of AIEE, will make the 
1959 Annual Meeting an outstand- 
ing event. Your new Information 
Service is carrying the story of weld- 
ing—reliability, economy, safety, 
beauty, freedom for designers, 
generally enhanced service charac- 
teristics—to thousands of readers 
not closely associated with the 
welding industry. Section activi- 
ties including educational courses, 
student competitions, plant tours, 
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technical meetings, panel discus- 
sions, social and recreational events, 
and special projects give each of you 


an opportunity to participate and | 


grow together with other ‘““Men of 
Welding.” 


@ Your NATIONAL OFFICERS and 
headquarters staff are working on 
or giving consideration to several 
new activities which will bring ad- 
ditional services to you and increase 
your influence in our expanding in- 
dustrial economy. 


e@ THIS MONTH your SOCIETY as- 
sumes responsibility for leadership 
and coordination of cooperative ef- 
forts of representatives of United 
States industry who increasingly 
participate in the expanding pro- 
grams of the International Institute 
of Welding. 


PRresIDENT HoGLUND, with ap- 
proval of your Board of Directors, 
has appointed Treasurer H. E. 
Rockefeller as chairman with Second 
Vice-President R. D. Thomas, Jr. 
and District Director J. N. Alcock 
members of a committee to study 
group insurance plans. Mr. Rocke- 
feller and your Secretary met with 
an insurance expert on November 
12th. This committee will report 
to your Board of Directors and may 
recommend adoption of a plan under 
which you may secure insurance at 
advantageous group rates. 


@ ANOTHER NEW COMMITTEE com- 
posed of Chairman R. D. Thomas, 
Sr., O. B. J. Fraser and W. Sprara- 
gen is studying projects, including 
prizes, an achievement medal, 
scholarships or an endowed profes- 
sorship, which might be established 
as a suitable memorial to our founder 
and first President, Comfort A. 
Adams. This committee met with 
your Secretary on October 29th. 


e@ PuBLiciry COMMITTEE CHAIRMAN 
A. V. Scherer joined your Secretary 
and Staff Member Phillips on Octo- 
ber 28th to outline plans for nation- 
wide promotion of Welded Products 
Month which will be highlighted by 
our Annual Meeting and Welding 
Exposition in Chicago during April. 


@ DURING THE EVENING of October 
22nd your Secretary met President 
Hoglund as he arrived at Idlewild 
airport in a driving rainstorm, fol- 


by Fred L, Plummer 


lowing a visit to the West Coast, 
which included meetings with the 
Portland, San Francisco and Santa 
Clara Sections. Heavy rain con- 
tinued during the drive to Stamford, 
throughout the night and the fol- 
lowing morning drive on Connect- 
icut’s new turnpike to Providence, 
R. I., where twelve full hours were 
devoted to the third annual New 
England Regional Conference on 
Welding, sponsored by all AWS 
Sections in this area. Your Secre- 
tary presented one of six technical 
papers as George W. Kirkley and 
Director Sidney Low served as tech- 
nical chairmen of the morning and 
afternoon sessions, with Chairman 
Avery Seaman and A. T. Heaton 
coordinating activities which in- 
cluded welding demonstrations dur- 
ing the afternoon. Following a 
social period and banquet, President 
Hoglund addressed the large crowd 
as Steering Committee Chairman 
Helmut Thielsch served as master of 
ceremonies and Roger Clark pre- 
sented a final paper devoted to 
“Qualification and Training of Wel- 
ders.” 


@ YourR SECRETARY completed a 
nineteen-hour day driving back to 
Stamford in order to attend a meet- 
ing of the American Council of I1W 
in New York the following morning. 
With Chairman Biers presiding, 
Secretary W. Spraragen and com- 
mission members who attended the 
IIW annual meeting in Vienna dis- 
cussed activities of the various com- 
missions and outlined plans for the 
new year. The large group, which 
included many who had not been 
able to attend the Vienna meeting, 
considered several policy matters 
which were later presented by I1W 
Past President Biers at a meeting of 
the IIW Executive Council in Paris 
on November 15th. 


@ SUSTAINING MEMBER Committee 
Chairman T. Embury Jones met 
with your Secretary and Staff Mem- 
ber Mooney following the II1W 
meeting to plan further promotion 
of this elite membership which 
brings added benefits to those com- 
panies and individuals—now about 
200—-who give added support to 
Society activities by paying mini- 
mum annual dues of $150.00. 
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WIRE FEED UNIT 


AWARDED 


SILVER MEDAL 


In the 7th International Inventors Exhibition 


The Wear-O-Matic Wire Feed Unit for semi-automatic hard sur- 
facing applications was awarded the distinction of a silver medal 
award by an international panel of jurors at the 7th international 
inventors exhibit held in Brussels in conjunction with the World’s 
Fair. Entered in the class for Industrial Processes and Machines, 
the Wear-O-Matic unit was the only American invention in the 
field of welding to receive such a distinction. 

The simplicity of design, uniqueness of wire feed and wire han- 
dling, and potential economy to the user were important factors 
contributing to the decision of the jury. These same factors are 
responsible for a more important distinction—ACCEPTANCE— 
awarded by cost conscious, profit minded welding and maintesance 
shops all over the free world. 

The advantages of the Wear-O-Matic Process so readily apparent 
to the experts, were designed to improve the efficiency of your hard 
surfacing operations. For complete details on the Wear-O-Matic 
Process and other hard surfacing materials, write, Alloy Rods 
Company, P. O. Box 1828, York, Pa. Request Bulletin HS-103. 
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Registered U. S. Patent Office 


Alloy Rods Company 


YORK, PENNSYLVANIA ° EL SEGUNDO, CALIFORNIA 
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Visirors AT HEADQUARTERS 
during late October included J. 
Heuschkel who has been active 
on committees and once headed 
our Education Committee; J. N. 
Shilstone, leader of several out- 
standing projects of our Baton 
Rouge Section; Peter McKinney, 
publicity chairman for our Chicago 
Section; Director Ed Miller and 
many others attending meetings of 
technical committees of AWS, 
ASME and other groups. 


@ On NoveMBER Ist, Ron Gooder- 
ham, Director of Canadian Welding 
Bureau, was seriously injured while 
riding with the Toronto and North 
York Hunt, when his horse stumbled 
and fell at a jump. 


@ THe ASME convened a special 
committee on November 5th to 
consider the need and feasibility of 
coordinating research activities of 
various groups concerned with the 
properties of materials used in 
structures and pressure vessels. 
Your Secretary attended as a repre- 
sentative of AWS, WRC and PVRC. 


RicHarp Weck, Director of the 
British Welding Research Associa- 
tion, Chairman of the II[W Com- 
mission on Residual Stresses, a Lec- 
turer at Cambridge University and 
a recognized world authority on 
many problems associated with 
welding, conducted the seminar on 
residual stresses which formed a 
part of the annual ASM meeting 
held in Cleveland. Your Secretary 
and Mrs. Plummer entertained Dr. 
and Mrs. Weck together with WRC 
Director W. Spraragen and Asst. Di- 
rector K. Koopman and their wives 
at a dinner on November 12th. 


Free Information 


Free Literature 


“Yours for 
the Asking” 


Use Reader Information Card 
PAGE 97 
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@ Your SECRETARY was also privi- 
leged to attend two special lunch- 
eons given for Dr. Weck. The 
first at the Engineers’ Club was 
sponsored by WRC with Chairman 
Walter Green and Director W. 
Spraragen as hosts. Guests in- 
cluded W. R_ Argyle, Howard 
Biers, G. E. Claussen, L. Grover, 
C. E. Jackson, A. B. Kinzel, K. 
Koopman and A. R. Lytle. Those 
invited to the second luncheon 
gathered at the offices of the Ameri- 
can Bureau of Shipping where they 
were greeted by Chairman of the 
Board W. Green, President Dave 
Brown, Arthur Gatewood and George 
Place. Following an inspection of 
the ABS Laboratories and an in- 
formal conference, lunch was served 
in the relaxed atmosphere of India 


House. PVRC Chairman T. N. | 


Armstrong joined several guests 
who had attended the first luncheon. 


NoveMBeER 11TH and 12th were 
the days devoted to a conference on 
*“‘Metals and How to Weld Them,” 
jointly sponsored by AWS North- 
west Section and the University of 
Minnesota. 


e@ Mr. Y. Funo, President, and Mr. 


K. Ban, Chief Engineer, of Toyo | 


Kanetsu Kogyo K. K., an im- 


portant Japanese company which | 


fabricates and erects large metal 
storage and process vessels, visited 
headquarters on November 7th and 
10th, and were house guests of your 
Secretary and Mrs. Plummer. It is 
expected that an important delega- 
tion of Japanese engineers will at- 
tend our Annual Meeting and Weld- 
ing Exposition in Chicago next 
April. 


@ On DEcEMBER 9TH, President 
Hoglund, Past-President Humber- 
stone, ABS President Brown and 
your Secretary participated in the 
panel discussions on the future of 
welding before the AWS New York 
Section. 


J. F. joined your Secre- 
tary in meetings on welding in 
Toronto, Berwick, Pa., Baltimore, 
Boston and Providence on De- 
cember Ist, 3rd, 4th, 8th and 10th. 


e THis MONTH Niels Miller and 
your Secretary will attend a simi- 
lar series of meetings. During the 


first two weeks of March, President | 


Hoglund and your Secretary will 
meet with the Chattanooga, Nash- 
ville, Northeast Tennessee, Bir- 
mingham, Pascagoula, Baton Rouge 
and Dallas Sections, and attend 
the annual meeting of International 
Acetylene Association in New Or- 
leans, joining officers of the AWS 


Section there in a luncheon meeting. | 


Survey 


Results 


If you've kept up with your reading, you 
should now know that five points of especial 
interest have been developed by the survey 
requested by a leading advertising agency. 
Because these 5 points are especially 
interesting to future advertisers in the Welding 
Journal, we thought we'd stack them up 
together to give you a chance to compare 
them with any magazine in the welding field 
to determine where you can get the most 
from the advertising dollar. 


| 


Read Welding Journal regularly... 98% 


Proof of complete liaison between the 
editorial staff and the reader 


Find Journal contents helpful ... 98% 


Proof that W.J. contents are basic to 
the whole welding profession 


| 


Read ads in Journal ... 81% 


Proof that Welding Journal readers are 
ever-alert for new products 


Have bought products as result of 
reading Welding Journal 49% (!) 
Proof of effectiveness of Journal for 
advertising any welding product or 
service 


Have investigated new processes 

Gn basis of adsin Journal 
Proof that W.J. readers are alert, curi- 
ous, show-me kind of people... the 
kind who are proud of their profession 
and their contribution to industrial 
progress. Can you afford to miss this 
market? 
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HANDY ALLOY DATA SHEET 


HANDY & HARMAN 
ENGINEERING DEPARTMENT 
82 FULTON STREET, NEW YORK 38, N.Y. 


- 


Handy & Harman Silver Brazing Alloys 
... he COMPLETE line that meets all specifications and production needs 


Need to join any combinations of metals—ferrous and One Source of, and Authority On Brazing Alloys and 
nonferrous? Investigate the vast number of products, Methods makes —and makes readily available—the fol- 
assemblies and parts that are being joined better by lowing silver brazing alloys: 
silver brazing alloys. Handy & Harman, the Number 
HANDY & HARMAN SILVER BRAZING ALLOYS 
MELTING FLOW TROY 
NAME SILVER | COPPER ZINC OTHER POINT POINT OUNCES 
: °F PER CU. IN, 
EASY-FLO 50% 152% 1612% (18% Cd.) 1160 1175 5.00 
EASY-FLO #3 50 15% 15% (16% os. 1170 1270 5.00 
. 
EASY-FLO 45 45 15 16 (24% Cd.) 1125 1145 4.92 
EASY-FLO 35 35 26 21 (18% Cd.) 1125 1295 4.90 
SIL-FOS 15 80 _ ( 5% P.) 1185 1300 4.45 
SIL-FOS 5 5 88.75 _ (6.25% P.) 1185 1300 4.37 
MELTING FLOW TROY 
NEW NAME FORMER NAME SILVER | COPPER ZINC POINT POINT OUNCES 
°F °F PER CU. IN. 
BRAZE TEC* TEC* 5 _ — (95% Cd.) 640 740 4.60 
056" TEC-z* 5 — 16.6 (78.4% Cd.) 480 600 4.53 
O71 SN #7 7 85 ( 8% Sn.) 1225 1805 4.82 
AE 3 TL 9 53 38 1410 1565 4.50 
"~~ 202 AT SPECIAL 20 45 35 1315 1500 4.68 
“ATT ATT 20 45 30 ( 5% Cd.) 1140 1500 4.64 
NE NE 25 5212 221 1250 1575 4.71 
“251 AE 25 57.5 17.5 1255 1625 4.68 
“ §S SS 40 30 28 ( 2% Ni.) 1220 1435 4.76 
= 404 $s-5 40 30 25 ( 5% Ni.) 1220 1580 4.72 
“OT DT 40 36 24 1235 1415 4.80 
“DE DE 45 30 25 1230 1370 4.82 
ETX 50 34 16 1250 1425 4.99 
«541 ALLOY-4772 54 40 5 1% Ni.) 1340 1575 5.06 
“560 ER 56 22 17 5% Sn.) 1145 1205 5.00 
= 580 EB 57.5 32.5 = 3% Mn.- 1120 1345 5.05 
7% $n.) 
RT RT 60 25 15 1245 1325 5.02 
603 RT-SN 60 30 —_ {10% Sn.) 1115 1325 5.23 
% 630 RSNI 63 28.5 = ( 6% Sn.- 1275 1475 5.12 
2.5% Ni.) 
~~ EASY EASY 65 20 is 1235 1325 5.06 
= MEDIUM MEDIUM 70 20 10 1275 1360 5.14 
“BT BT 72 28 os 1435 1435 5.24 
HARD HARD 75 22 3 1365 1450 5.28 
«752 TR #1 75 = 25 1300 1330 5.06 
ee it 80 16 4 1345 1490 5.29 
“B52 85 Ag.-15 Mn. 85 _ pao (15% Mn.) 1760 1780 5.08 
*A Solder—Not a Brazing Alloy 
Space does not permit listing the many special alloys, always ready to work closely with you on metal-joining 
formulated for a particular or unique application. Handy problems and methods. 
& Harman Brazing Engineers and Technical Service are Comprehensive technical literature covering all aspects 


of brazing methods and alloys awaits your request. 


GET THE FACTS FROM 
BULLETIN 20 


This informative booklet gives 
a good picture of silver braz- 
ing and its benefits...includes 
details on alloys, heating 
methods, joint design and pro- 
duction techniques. Write for 
your copy. 


Source of Supply and Authority on Brazing Alloyser: 


ATLANTA. 


BRIDGEPORT. Conn. 
PROVIDENCE, 


HANDY & HARMAN =": 


General Offices: 82 Fulton Mew York 38, N.Y. 
DISTRIBUTORS IN PRINCIPAL CITIES MONTREAL. CANADA 


For details, circle No. 67 on Reader Information Card 
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Widespread Origin 
of Technical Inquiries 


The Technical Department has 
always received many _ technical 
inquiries from American industry; 
present requests for information 
average over 600 per month. In 
addition, inquiries from other 
countries continue to mount. Dur- 
ing the month of October, for 
example, inquiries were received 
from Argentina, Belgium, Brazil, 
Canada, Denmark, England, 
France, Guatemala, India, Japan, 
Lebanon, Mexico, New Zealand, 
Norway, Pakistan, Romania, Sau- 
dia Arabia, Sweden, Venezuela and 
the Union of South Africa. One 
visitor to national headquarters, a 
chain manufacturer from Tokyo, re- 
quested information concerning the 
joining of chain links. He was ad- 
vised to braze with PCuP-2 and 
BCuP-4 alloys and was then intro- 
duced to three American manu- 
facturers of these filler metals. 


Connecticut Cites 
AWS Safety Code 


The state of Connecticut has re- 
produced part of American Stand- 
ard Z49.1-1958, “Safety in Weld- 
ing and Cutting,” for distribution 
to its industries in a campaign to 
avoid personal injuries. ‘Section 
8,” according to the introduction, 
“provides much useful information 
regarding means for controlling the 
potential health hazards in such 
work and is reproduced here for the 


guidance of interested parties.” 

The Connecticut publication cites 
the AWS standard for covering “‘all 
phases of safety in cutting and weld- 
ing.” 


New Comparison Charts 
Enlarge Scope 


In 1957, 10,000 copies of the AWS 
Filler Metal Comparison Charts 
were printed. Within a five-month 
interval they were all sold. The 
popularity of the charts has induced 
TAC to publish a revised edition to 
be released in the near future. In 
addition to the twelve categories 
listed in the original edition, the re- 
vised charts will include surfacing 
electrodes and welding rods and 
filler metals for welding cast iron. 
Some 151 manufacturers have al- 
ready been contacted for this pur- 


pose. 


Soldering Manual 
Nears Publication 


Nearing completion is the Solder- 
ing Manual, the results of the efforts 
of the AWS Committee on Brazing 
and Soldering. Twenty-one chap- 
ters in length, the new book is ex- 
pected to fulfill a need for authorita- 
tive information on such topics as 
solders, fluxes and joint designs. 


California Commends 
AWS Safety Practices 


A recent issue of “California 
Safety News’’ recommends that in- 


month. 


With this issue of the JouRNat,, we are introducing our new 


column, ‘“Technical Progress,” intended to keep you informed on 
what the Technical Department of the Soctrery is doing. 


The Technical Activities Committee (TAC) is responsible for 
more than 90 technical committees and subcommittees in vari- 
ous stages of activity. Due to this large number of working 
groups, it will be impossible to tell you about each one every 
Instead, we will report on those activities which, we 
feel, will be of most interest to you. 


Our first effort is found on this page. Should you have any com- 
ments, please do not hesitate to send them to us. They should 
be addressed to the Technical Secretary, AMERICAN WELDING 
Socrety, 33 West 39th St., New York 18, N. Y. 


Epwarp A. FENTON Technical Secretary, AWS 
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dustry adhere to an AWS safety 
publication as a deterrent against 
accidents. The standard in ques- 
tion, Safe Practices for Welding 
and Cutting Containers That Have 
Held Combustibles (A6.0), was cited 
as a result of California’s concern 
over accidental injuries. During 
1956 and 1957 some 122 serious in- 
juries (including 17 fatalities) were 
incurred from the improper welding 
or cutting of such containers. 


Standard Brazing 
Specimen Considered 


Recent discussion at a meeting of 
an AWS Subcommittee on Brazing 
and Soldering at the Armour Re- 
search Foundation attempted to 
find an acceptable standard speci- 
men for evaluating brazing strength. 
The lack of this standard specimen 
prevents a comparison of data from 
one source to another. It is similar 
to the gap that would exist in weld- 
ing if there were, for example, no 
standard 0.505-in. tensile-test speci- 
men. 

A number of possible specimens 
were selected at the meeting and a 
test program was outlined. Ten 
companies and research groups are 
participating and supplying base 
metals, brazing filler metals, fluxes, 
etc. for test purposes. 


Specifications on Submerged-Arc 
Fluxes and Filler Metals 


New York City was the site of 
another meeting of interest to users 
of filler metals and fluxes for sub- 
merged-arc welding of mild and low- 
alloy steels. A specification, now in 
draft form, will be the first of its 
kind and will enable the user to ar- 
rive at the proper material combina- 
tions to predetermine such proper- 
ties as yield and tensile strengths. 


New Steel Gas-Welding 
Rod Specification 


The old 1946 specification for 
steel gas-welding rods also is under 
study at the present time. Antici- 
pated revisions will incorporate 
mild- and low-alloy steel filler 
metals for gas tungsten- and metal- 
arc welding. 
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WELDING ALLOYS 


Plant, Research Laboratory and World Headquarters 
HISTORY OF “EUTECTIC LOW TEMPERATURE WELDING ALLOYS"® 


Surface alloying at low heat was first discovered by 
“Eutectic” in 1904 —used today in over 100,000 
plants. “Eutectic” is the originator and sole manu- 
facturer of “Eutectic Low Temperature Welding 
Alloys” for bonding metals at low heat, minimizing 
distortion, warping and stress. 


5 MONTH 
“DOWN TIME” 
AVOIDED... 
COSTS CUT 
66% 


This pulverizer intermediate ring, used by a cement company, cracked in operation. 
Replacement posed a difficult and time consuming problem. Obtaining a new ring 
would have kept the pulverizer out of operation for at least five months. 

In spite of the fact that the ring rotates at high speeds and is subject to the 
shock of impact from heavy steel balls bouncing around and abrasive wear while 
grinding shale, it was decided to try welding the damaged part. 

One of the special problems in connection with repair was that the ring was 
made of alloy steel and cutting out the cracks became a special job in itself. A 
cutting torch did not remove metal quickly enough and the high heat involved had 
a tendency to cause additional cracks and fissures. Grinding wheels were con- 
sidered, but this would have taken a great deal of time and the tough alloy steel 
raised havoc with these grinding wheels. 

A special oxygenless cutting electrode ChamferTrode was used to gouge out 
the cracks. This method resulted in extremely rapid removal of the unwanted metal 
in the area to be welded. 

EutecTrode 680 AC-DC was used for the filling operation. This is an extra-high 
strength, Low Amp electrode, used where embrittlement must be avoided. It 
provides an ideal hard overlay cushion. EutecTrode 680 AC-DC permits quality 
welding on pressure vessels, dies, tools and has also seen wide use in rebuilding 
chemical agitator blades and shafts. 

EutecTrode 680 AC-DC also has a “Frigid-Arc’’ coating — allows smooth, 
porosity-free dense deposits without spatter, and with exceptional freedom from 
cracking. Welds are easily deposited at the highest possible speed with least 
amount of base metal heat, using lowest possible amperage. The ultimate tensile 
strength, up to 120,000 psi. 

Once the pulverizer ring was prepared and readied, weld deposits were com- 
pleted, then ground flush with the rest of the ring. The mill was then put back 
into continuous operation with the repaired ring and has operated perfectly in 
spite of the heavy continuous punishment this part receives. 

Materials for the repair were less than 1/5 the replacement cost, and the mill 
was back in full production in less than three days. 


Welc 


A substantial saving was made by a 
transformer fabricator in laminating 
coils with paste-on form, silver content 
alloy, Eutec-Silweld 1618. The paste 
form eliminated unnecessary handling 
and waste in replacement of solder strip, 
and proved considerably faster in 
application. 

Production of Eutec-Silweld 1618 in 
paste form partially explained its lower 


‘heat input. The minute silver particles 


suspended in flux melt and flow faster 
than solid silver. it joins at heat input 
as much as f50°F. less than required 
for conventional silver brazing material, 
and the lowest heat range possible for 
silver content alloys. 

In this transformer application, the 
unusually low bonding temperature with 
Eutec-Silweld 1618 not only foreshort- 
ened induction heat cycle time, but vir- 
tually eliminated rejects caused by con- 
ventional high heat welding materials. 


EutecTrode 680 AC-DC, 1/8, 
5/32'', & 3/16" dia. Lt. Blue Tip. Standard weight 
shipments. @ Eutec-Silweid 1618, packaged in 8 oz., 
1 & 2 Ib. jars 


FREE WELDING ADVISORY SERVICE 
AVAILABLE THROUGH YOUR LOCAL 
“EUTECTIC” TECHNICAL REPRESENTATIVE 


A staff of technical welding experts 
are ready to consult with you. Write 
for help on any welding problem. 


available in 3/32°', 


Eutectic Welding Alloys Corporation 
40-40 172nd Street, Flushing 58, N.Y. 


Yes... Please have your local ‘‘Eutectic’’ 


' 
' ' 
1 Technical Representative call. ; 
1 Name Pos. 
, Company 
City. State_ 


WAREHOUSE-SERVICE CENTERS IN ATLANTA, CHICAGO, ST. LOUIS, HURON, PHOENIX, DALLAS, BERKELEY, LOS ANGELES AND LEADING 
INDUSTRIAL AREAS © CANADIAN PLANT IN MONTREAL: EUTECTIC WELDING ALLOYS COMPANY OF CANADA, LTD. 


For details, circle No. 25 on Reader Information Card 
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EDUCATIONAL 


The AWS Manual of Arc Welding To Be Available Soon 


A basic textbook for use in various 
levels of training and education, the 
AWS Manual of Arc Welding, will 
be available in the near future. 
The new publication is intended as 
a text reference for the welder him- 
self. It is written in simple lan- 
guage and contains the elementary 
topics of arc welding within its 
eight chapters. Many texts, man- 
uals and company training manuals 
were consulted in the preparation 
of this new AWS manual, resulting 
in a book which is noncommercial 
and objective in its design. 


Arc Welding Processes and Safety 


The following breakdown of chap- 
ters indicates the scope of this new 
manual: Welding Processes and 
Welding Terms; Safety; The Metal- 
Arce Welding Process and Acces- 
sories; Exercises in Arc Welding; 
Arc Welding Equipment; Identifica- 
tion of Metals; Metals and Their 
Structure; and Electrode Classifica- 
tion. 

Chapter I deals with the arc-weld- 
ing process. In all, there are 37 
welding processes listed on the AWS 
Chart of Welding Processes. The 
seven arc-welding processes are de- 
scribed in sufficient detail to enable 
anyone unfamiliar with a particular 
process to understand its operation. 
The remainder of the chapter lists 
the standard welding terms and 
gives their definitions. These defi- 
nitions are clarified still further by 
numerous illustrations depicting the 
various joints, welding positions and 
procedures. 

Chapter II covers the subject of 
safety in arc-welding operations. 
It details the precautions to be 
taken when equipment is being in- 
stalled and explains the various 
safety rules in operation to prevent 
fires and accidents. The subject of 
safety is covered briefly but very 
comprehensively and included are 
electric shock; eye and face protec- 
tion; respiratory protection; pre- 
cautions to be taken when electrode 
coatings contain fluorides; base 
metal considerations when metal is 
coated with paint, such as lead and 
cadmium; and finally, the type of 
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clothing recommended for the var- 
ious operations. 


Explanations, Exercises, 
Machinery and Metal Identification 


Chapter III explains the metal- 
arc welding process in detail. It 
starts by defining a weld and goes on 
to explain the electric arc in nontech- 
nical terms and the relationship be- 
tween voltages, amperes and watts. 
Alternating current, direct current 
and polarity are explained at length, 
and the effects of oxide formation in- 
dicate the reason for protecting the 
weld from the air during welding. 

The uses of electrode coverings are 
explained, and it is shown how the 
covering protects the weld metal by 
providing a shielding gas and by 
slag-forming elements. 

Accessories needed in arc-welding 
operations are described. Among 
those included are electrode holders; 
cables; helmets and handshields; 
goggles; gloves; clothing; booths 
and welding screens; welding tables; 
cleaning accessories; preheating and 
annealing; backing material and 
miscellaneous equipment. 

Chapter IV is a complete manual 
in itself on arc-welding exercises. 
Approximately thirty exercises are 
given, covering the striking of the 
arc, running a bead, weaving, build- 
up and the results of expansion and 
contraction. All positions are dealt 
with and exercises given to study the 
technique of depositing metal in 
each of the positions and with all 
types of joints. 

A typical exercise details the type 
of electrode, the type of joint and the 
position to be used. The following 
specifications are given: material, 
classification and size of electrode, 
amperage, voltage and polarity. 

The objective of the exercise is ex- 
plained and recommendations are 
given. The entire chapter is pro- 
fusely illustrated and every step ex- 
plained by means of line drawings. 

Chapter V gives an explanation 
of welding machines in use at the 
present time. 

The various types of machines are 
described and also the maintenance 
necessary. A table is included 


which lists the various kinds of 
machine stoppages to be anticipated 
and their cause and cure. Current 
requirements, rated capacity and 
penetration are also mentioned. 

Chapter VI covers “‘Identification 
of Metals.” This is a subject of 
value to all who have to weld metals 
of unknown composition. 

The equipment recommended in 
this chapter to identify metals is 
readily available in every shop or 
plant. A hammer and chisel, mag- 
net, file and grinding wheel are 
sufficient to identify most com- 
monly used metals. The various 
tests are described. 

Many of the commercially used 
metals, both ferrous and nonferrous, 
are listed together with their alloying 
element. The effect of the various 
alloying elements upon normal! test 
results is described and a means of 
recognition indicated. 

Methods of recognizing die cast- 
ings and clad materials are ex- 
plained, and a section on stainless 
steel indicates how it is possible to 
identify a metal by its uses. 


Metal Structure and 
Electrode Classification 


Chapter VII, “Metals and their 
Structure,” is a chapter on elemen- 
tary welding metallurgy. A de- 
scription of the various methods of 
iron and steel manufacture is given. 
The contents of the chapter include 
temperature changes in welding; 
temper colors; preheating; grain 
boundaries; precipitation and age 
hardening; slip; the phase diagram; 
changes in steel; cooling rates; 
hardenability; types of steel; and 
factors influencing the properties of 
metals. 

Chapter VIII, “Electrode Classi- 
fication,” lists the various AWS 
electrode classifications. ‘The chap- 
ter covers mild-steel arc-welding 
electrodes; low-alloy steel arc-weld- 
ing electrodes; covered electrodes 
for cast iron; nickel and nickel-base 
alloy covered electrodes; corrosion- 
resisting chromium and chromium- 
nickel steel covered electrodes; 
aluminum and aluminum-alloy elec- 
trodes; copper and copper-alloy elec- 
trodes; and surfacing filler metals. 

There is also a listing of various 
electrodes, which includes their AWS 
classification, their trade name and 
the manufacturer. 


f| APRIL 6, MONDAY AFTERNOON 


+ 
| 
4 
| 
q 
Be 
{ 
| 
| 


TECHNICAL PAPERS SESSIONS 


1959 


AWS AIEE 
40TH 
ANNUAL WELDING 
MEETING CONFERENCE 


APRIL 6-10 ¢ HOTEL SHERMAN, CHICAGO, ILL. 


REGISTRATION 
MEZZANINE FLOOR 
HOTEL SHERMAN 


Sunday April 5 e 3:00 P.M. to 6:00 P.M. 
Monday, April 6 @ 8:00 A.M. to 4:00 P.M. 
Tuesday, April 7 e 8:00 A.M. to 4:00 P.M. 
Wednesday, April 8e8:30 A.M. to 4:00 P.M, 
Thursday, April 9 e 8:30 A.M. to 1:00 P.M. 
Friday, April 10 e 8:30 A.M. to 11:00 A.M. 


APRIL 6, MONDAY MORNING 
ASSEMBLY ROOM 


10:00 A.M.—Official Opening and Business Session 
ADDRESS 

G. O. Hoglund, President, AWS 
NATIONAL AWARDS 


ADAMS LECTURE 
The Science of Arc Welding 
by Clarence E. Jackson, Linde Development Laboratory 


APRIL6, MONDAY AFTERNOON THREE SIMULTANEOUS SESSIONS, 2:00 P.M. 


3. Processes and Procedures 
LOUIS XVi ROOM 


2. Stainless Steels 
BERNARD SHAW ROOM 
A. Elevated-Temperature Properties of 


1. Nuclear-Power Equipment 
ASSEMBLY ROOM 


A. Welding of Equipment for Dresden A. Practical Welding Procedures 


Nuclear-Power Station 
by W. R. Smith, General Electric Co. 


. Fabrication and Construction of Piping 


System for Dresden Nuclear Power 
Station 

by G. B. Grable and A. M. Croswell, 
Bechtel Corp. 


. Welding of Containment Sphere for 


Dresden Nuclear Power Station 
by Perry C. Arnold, Chicago Bridge & 
Iron Co. 


Modified Type 347 Weld Metals 
by Thomas J. Moore, Arcos Corp. 


. Welding Properties of Cr-Ni-Mo Har- 


denable Stainless Steels 
by Robert H. Kaltenhauser, Allegheny 
Ludlum Steel Corp. 


C. Corrosion of Stainless-Steel Welds 


Formed with Carbon-Dioxide Shielding 
by B. E. Hopkinson and D. W. Mc- 
Dowell, Jr., International Nickel Co. 


by Stanley |. Roberts and Clarence E. 
Cole, Portsmouth Naval Shipyard 


. Control of Process Variables—Key to 


Successful Welding of Foil 
by John Campbell, Air Reduction Re- 
search Laboratory 


C. Oxyacetylene Pressure Welding of 


High-Speed Rocket Test Track 

by SeMcKittrick, E. S. McKittrick, 
Contractor, and W. E. Donalds, Linde 
Company. 
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WELDING SHOW EXHIBITS AND DEMONSTRATIONS 


R’ FOAL A AS 


— 


APRIL 6, MONDAY AFTERNOON 
4:30 P.M.—CRYSTAL ROOM—FIRST FLOOR 


Educational Lecture Series (Part |) 


Welding for High-Temperature Aircraft Service 
by P. Gordon Parks, Solar Aircraft Co. 


APRIL 7, TUESDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. 


4. Arc-Welding Power Supplies 
BERNARD SHAW ROOM 


(Sponsored by the AIEE Subcommittee on 
Electric Welding) 


A. Characteristics of Rectifier-Type High- 
Current DC Supplies for New Welding 
and Arc Processes 
by Robert Stuefen, A. 0. Smith Corp. 

B. Design Precautions for Proper Appli- 
cation of Silicon Rectifiers to Arc and 
Similar High-Transient Voltage and 
Current Loads 
by Dennis Pierce, A. 0. Smith Corp. 

C. A Report on the Revitalization of the 
Multiple-Operator Power Source Weld- 
ing System 
by William Faust, A. 0. Smith Corp. 


5. Nuclear-Power Equipment 
ASSEMBLY ROOM 


A. Welding of Inconel for Nuclear-Power 
Applications 
by William F. Fragetta and George R. 
Pease, International Nickel Co. 

B. Brazing Stainless-Steel Fuel Elements 
for Nuclear Reactors 
by Peter P. King and Robert K. Mc- 
Geary, Westinghouse Atomic Power 
Department 

C. Welding of Nickel-Molybdenum Alloys 
by G. M. Slaughter, Peter Patriarca and 
R. E. Clausing, Oak Ridge National Lab- 
oratory 


6. Cutting 
LOUIS XVI ROOM 


A. Cybernetics of Oxygen Cutting 
by R. L. Deily, Messer Cutting Ma- 
chines, Inc. 

B. Recent Metal Removal Developments 
with Carbon-Arc Compressed-Air Proc- 
ess 
by Myron D. Stepath, Wm. J. Coughlin 
and Homer B. Nelson, Arcair Co. 

C. Tungsten-Arc Cutting of Stainless-Steel 
Shapes in Steel-Warehousing Opera- 
tions 
by John D. Wait, Morrison Steel Co. 


APRIL 7, TUESDAY AFTERNOON THREE SIMULTANEOUS SESSIONS, 2:00 P.M. 


7. Welding-Arc Fundamentals 
BERNARD SHAW ROOM 


(Sponsored by the AIEE Subcommittee on 
Electric Welding) 
A. AnAnalysis of Transfer in Gas-Shielded 
Welding Arcs 
by W. J. Greene, Air Reduction Co. 


B. The Measurement and Significance of 
Temperature in Welding Arcs 
by Howard C. Ludwig, Westinghouse 
Electric Corp. 

C. A New Magnetic Arc Method for the 
Electric Welding of Refractory Glasses 
and Ceramics 
by E. M. Guyer, Corning Glass Works 


8. Heat Effects on Steel Weldments 
ASSEMBLY ROOM 


A. Effect of Residual Stress on Brittle 
Fracture 
by Koichi Masubuchi, Transportation 
Technical Research Institute, and Hiro- 
shi Kihara, University of Tokyo 

B. Effect of Heat Treatment and Fabrica- 
tion on Heavy-Section Pressure-Vessel 
Steels 
by A. |. Rubin, Pratt and Whitney Air- 
craft, R. D. Stout, Lehigh University, 
and J. H. Gross, United States Steel 
Corp. 

C. Cast-Pin Tear Test for Susceptibility 
to Hot Cracking 
by Frederick C. Hull, Westinghouse Re- 
search Laboratories 


9. Pipe Lines 
LOUIS XVI ROOM 


A. Automatic Submerged-Arc Welding on 
the Pipe Line 
by William B. Handwerk, M. J. Crose 
Manufacturing Co., Inc. 

B. Maintenance Welding of High-Test 
Line Pipe 
by F. W. Zilm and A. M. Hill, Service 
Pipe Co. 

C. Welder Qualification Requirements for 
Pipe-Line Welders 
by Robert S. Ryan and Robert W. 
Wright, Columbia Gas System Service 
Corp. 
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APRIL 7, TUESDAY AFTERNOON 
4:30 P.M.—CRYSTAL ROOM—FIRST FLOOR 


Educational Lecture Series (Part |!) 


Welding for High-Temperature Aircraft Service 
by P. Gordon Parks, Solar Aircraft Co. 
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WELDING SHOW EXHIBITS AND DEMONSTRATIONS 
INTERNATIONAL AMPHITHEATRE 
Tuesday, April 7 12:00 Noon to 10:00 P.M. 
Hours of the Exposition {Wednesday, April8 e 10:00 A.M. to 10:00 P.M. 
Thursday, April 9 @ 10:00 A.M. to 6:00 P.M. 


Admission by Registration 


APRIL 8, WEDNESDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. 


10. Resistance Welding 
BERNARD SHAW ROOM 


(Sponsored by the AIEE Subcommittee on 

Electric Welding) 

A. The Effect of Elevated Temperatures 
on Flash-Welded Aluminum-Copper 
Joints 
by C. R. Dixon and F. G. Nelson, Alumi- 
num Company of America 

B. Discussion of Direct-Writing Instru- 
mentation for Certain Applications in 
the Field of Resistance Welding 
by W. K. Whittemore, Brush Instru- 


ments 
C. A Direct-Reading RMS Meter for 
Measuring Secondary  Resistance- 


Welding Current 

by E. F. Nippes, Hugo S. Ferguson, 
and Warren F. Savage, Rensselaer 
Polytechnic Institute 


11. Brittle Fracture 
ASSEMBLY ROOM 


(Sponsored by the Ship Structure Com- 

mittee) 

A. Micromechanism of Brittle Fracture in 
Low-Carbon Steel 
by G. T. Hahn, B. L. Averbach, M. 
Cohen, Massachusetts Institute of 
Technology and W. S. Owen, Univer- 
sity of Liverpool 

B. Prestrain, Size, and Residual Stresses 
in Static Brittle-Fracture Initiation 
by C. Mylonas, Brown University 

C. Brittle-Fracture Tests of Steel Plates 
Containing Residual Compressive 
Strain 
by W. J. Hall, N. M. Newmark and S. 
T. Rolfe, University of Illinois 


12. Design Considerations 
LOUIS XVI ROOM 


A. Development of Welded-Steel Lathe 
by Gordon M. Sommer, Clearing Ma- 
chine Corp. 

B. Some Consideration on Design for 
Fatigue in Welded Structures 
by J. Koziarski, The Martin Co. 

C. Practical Approach to Determine Weld 
Size 
by Omer Blodgett, The Linccln Electric 
Co. 


APRIL 8, WEDNESDAY AFTERNOON THREE SIMULTANEOUS SESSIONS, 2:00 P.M. 


13. Welding in Ship Structures 
ASSEMBLY ROOM 
(Sponsored by the Ship Structure Com- 


mittee) 

A. An Investigation of Welded Crack 
Arrestors 
by Robert J. Mosborg, University of 
Illinois 


B. Isotope Techniques for Inspection and 
Evaluation of Ship Welds 
by E. L. Criscuolo, Naval Ordnance 
Laboratory 


C. Instantaneous Inspection of Ship Welds 
with Scattered Gamma Radiation 
by J. |. Bujes, U. S. Naval Ordnance 
Test Station 


14. Resistance and 

Ultrasonic Welding 

BERNARD SHAW ROOM 

A. Roll-Spot Welding of Ballistic Missiles 
by James K. Dawson, Redstone Arsenal 

B. Internal Stress Distribution of Single- 
Spot Welds in Relation to their Fatigue 
Life 
by Georges Welter and Andre Choquet, 
Ecole Polytechnique 

C. Fundamental Studies of Ultrasonic 
Welding 
by R. E. Monroe, N. E. Weare and J. N. 
Antonevich, Battelle Memorial Insti- 
tute 


15. Titanium and Zirconium 
LOUIS XVI ROOM 


A. Vacuum Diffusion Joining of Titanium 
by Earl J. Clark, General Electric Co. 

B. Quartz-Lamp Radiant Brazing of Ti- 
tanium-Alloy Honeycomb Sandwich 
Panels 
by John F. Rudy, H. Schwartzbart and 
R. M. Necheles, Armour Research 
Foundation 

C. An Evaluation of the Diffusion-Bonding 
Characteristics of Zircaioy-2 
by William Feduska, Westinghouse 
Electric Corp. 
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. An Experimental 


16. Welded Structures 
BERNARD SHAW ROOM 
A. Weiding of Reinforcing Bars for Con- 


crete Construction 

by John F. Rudy, Frank Suyama and 
Harry Schwartzbart, Armour Research 
Foundation 


. Welded Cantilever Wedge Beams 


by W. J. Krefeld, D. J. Butler and 
G. B. Anderson, Columbia University 
Investigation of 


Welded Open-Web Beams 

by A. A. Toprac, University of Texas 
and B. R. Cooke, Texas Highway De- 
partment 


APRIL 9, THURSDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. 


17. Weldability of Steel and 
Cast Iron 


LOUIS XVI ROOM 


A. 


Development of Techniques for Sub- 
merged-Arc Welding HY-80 Steel 

by Wallace J. Lewis, G. E. Faulkner 
and P. J. Rieppel, Battelle Memorial 
Institute 


. Welding of Medium-Alloy Chrome- 


Moly Steels 
by Kenneth R. Notvest, The Flori Pipe 
Co. 


. Process Welding of Nodular and Gray- 


Iron Castings 
by Ellis 0. Porter and Benjamin 
Townshend, General Electric Co. 


18. Aluminum Alloys 
CRYSTAL ROOM 
A. New Developments in the Welding of 


Aluminum 
by R. L. Hackman, Linde Company. 


B. Techniques for Welding Al-Mg Alloys 


by Daniel M. Daley, Jr., Army Ballistic 
Missile Agency 


C. Certain Structural Properties of Ultra- 


sonic Welds in Aluminum Alloys 
by J. Byron Jones and W. C. Potthoff, 
Aeroprojects Inc. 


19. Welded Structures 


BERNARD SHAW ROOM 
A. 


The Buffalo Bayou Bridge and Future 
Long-Span Possibilities 

by Charles S. Matlock and Farland C. 
Bundy, Texas Highway Department 


. The Hampton Road All-Welded Steel 


Arch Bridge 

by Wm. Llewellyn Powell, Powell & 
Powell, Milton E. Eliot, Mosher Steel 
Co., Douglas A. Nettleton, Texas High- 
way Dept., and Joe C. Bridgefarmer, 
Civil Engineer 


. Fabricating, Transporting and Erect- 


ing Rio Grande Roller Dam Gates 
by Lawrence F. Megow, Hahn & Clay 


APRIL 10, FRIDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. 


20. Gas-Shielded Welding 


LOUIS XV! ROOM 


A. 


C. 


Progress Report on the Flux-Cored 
Electrode Welding Process 

by A. F. Chouinard and J. A. Howery, 
National Cylinder Gas Div. of Cheme- 
tron Corp. 

Dip Transfer CO. Welding 

by Roger W. Tuthill, Air Reduction Co. 
Gas-Shielding Mechanism in Welding 
Arcs 

by R. M. Gage and E. F. Stresino, Linde 
Company 


21. Brazing 
CRYSTAL ROOM 
A. Heat-Extractive Brazed Bimetals Show 


Promise for Missile and Industrial Ap- 
plications 

by Robert C. Bertossa, Pyromet Com- 
pany, and Steven Rau, Stanford Re- 
search Institute 


. Effects of Hydrogen Brazing on Proper- 


ties of High-Temperature Alloys 
by G. S. Hoppin, Ill, and E. N. Bam- 
berger, General Electric Co. 


. Metallurgy of Bonding in Brazed 


Joints, Part II 
by Nikolajs Bredzs and Harry Schwartz- 
bart, Armour Research Foundation 
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The above schedule of technical papers 
is not necessarily final. 


A more complete 


and detailed program, including an ac- 
count of other activities, will be published 


in the April issue of the WELDING 
JOURNAL. 
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As Reported to Catherine O’Leary 


PLASMAJETS 


Los Angeles, Calif...Members 
and guests of the Los Angeles Section 
were well entertained at the October 
16th meeting of the Aircraft and 
Rocketry Panel by a_ technical 
presentation on the material appli- 
cation of ‘‘Plasmajets.”’ The talk 
was presented by H. C. Sullivan, 
manager of the Material Technology 
Laboratory at Giannini Plasma- 
dyne, where he is responsible for the 
various applications of plasmajet 
technology to materials develop- 
ment and engineering. Mr. Sulli- 
van explained the development of 
the Giannini Plasmatron which has 
made available to the engineer a 
source of controllable and sustained 
temperatures up to 2500° F and 
explained how the availability of 
such an unprecedented energy has 
opened up a broad area of new re- 
search and development in high- 
temperature chemistry and ma- 
terials processing. In a brief re- 
view, he covered the problems 
associated with the ballistic missile 
re-entry while the chemistry and 
aerodynamics associated with the 
re-entry were discussed, followed 
by a demonstration of the ability 
of “plasmajet’’ to simulate these 
conditions. Mr. Sullivan described 
that which he considered perhaps 
more important, how adaptability 
of these temperatures could be 
used in the spraying of refractory 
materials, cutting and welding. He 
followed this with a brief commen- 
tary on the relationship to experi- 
ments and properties of ‘“‘plasma- 
jets” in such applications. 

Mr. Sullivan’s paper was well 
supported with slides. 


WELDING OF ALUMINUM 


San Jose, Calif.— Guest speaker 
at the October 21st meeting of the 
Santa Clara Valley Section was 
National President G. O. Hoglund. 
Mr. Hoglund presented a report 
on national activities, with special 
emphasis on information program 
activities. Mr. Hoglund stressed 
the benefits of welding to the general 
public and mankind as a whole. 

Featured speaker was Paul B. 


PLASMAJETS EXPLAINED BY SULLIVAN IN LOS ANGELES 


Chairman John Ross opens the October 
16th meeting of the Los Angeles Section 


Technical Chairman David Elmer reports 
on activities of associated technical 
societies. 


H. C. Sullivan delivers his talk on ‘‘Ma- 
terials Application of Plasmajets” 


Scholarship Chairman K. P. Hanson 
discusses the support required of indus- 
try for scholarship 


Among those attending meeting are 10th District Director F. V. McGinley, Mr. Ross, Al 
Thompson, George Murphy, Chas. Zwissler, Leonard Buchanan and Leo West 


Dickerson of the Welding Research 
Laboratory of the Aluminum Com- 
pany of America. His _ subject, 
“Performance of Welds in the 
Aluminum Alloys,’ covered both 
heat-treatable and nonheat-treat- 


able series. Slides and _ charts 
showed relative strength levels and 
advantages of the various alloys. 
A motion picture, ‘““Fundamentals of 
Inert Arc Welding of Aluminum 
Alloys,” was also shown. 
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Section Meeting Calendar 


JANUARY 5 

LEHIGH VALLEY SECTION. Walp’s Restaurant, 
Allentown, Pa. Dinner 6:30 P.M. Meeting 8:00 
P.M. Demonstration Night at Lehigh University. 

WORCESTER SECTION. Tower House Res- 
taurant, Worcester, Mass. Social 6:00 P.M. 
Dinner 7:00 P.M. Meeting 8:00 P.M. “Brazing 
Challenges the Thermal Barrier,” D. C. Herrschaft, 
Handy & Harman. 
JANUARY 6 

PORTLAND Section. Heathman Hotel, Portiand, 
Ore. Refreshments 6:30 P.M. Dinner 7:00 P.M. 
Meeting 8:00 P.M. “Pressure-Vessel Fabrication 
for Nuclear Service,” W. R. Apblett, Foster Wheeler 
Corp. 
JANUARY 8 

IOWA-ILLINOIS Section. Moline, Ill. “Weld- 
ing Metallurgy," W. M. Norton, Caterpillar Tractor 
Co 


KANSAS CITY Section. World War I! Memorial 
Bidg., Kansas City, Mo. Social 5:30 P.M. Dinner 
6:30 P.M. “CO, Aircomatic Welding,” R. W. 
Tuthill, Air Reduction Co. 

OKLAHOMA CITY Section. Dodson Cafeteria, 
Oklahoma City, Okla. Dinner and meeting. 
D. B. Vaught, Arcair Co. 

NORTHERN NEW YORK Section. Schenectady, 
N.Y. “Why Welds Fail,”” H. Thielsch, Grinnell Co. 

PUGET SOUND Section. Engineers Club, Seattle, 
Wash. “Welding of Nuclear Pressure Vessels,” 
Wm. Apblett, Foster Wheeler Corp. 

SAGINAW VALLEY Section. Saginaw, Mich. 
“Resistance Welding Electrodes: and Electrode 
Material,” E. Holt, P. R. Mallory Co. 

JANUARY 12 

NORTHWEST Section. Minneapolis, Minn. 
“Inert-Gas-Shielded Arc Welding of Missile 
Alloys,” Cornelius J. Sullivan. 

JANUARY 13 

DAYTON Section. Dayton, Ohio. Meeting 8:00 
P.M. “Porosity in Aluminum-Alloy Welds,” F. R. 
Collins, Aluminum Company of America. 

NEW YORK Section. Victor's Restaurant, N. Y. 
C. “Nuclear Pressure-Vessel Fabrication,” Wm. 
R. Apblett, Foster Wheeler Corp. 

NORTH TEXAS Section. Western Hills Inn. 
Dinner 6:30 P.M. “A New CO, Welding Process,” 
J. A. Howery, National Cylinder Gas Co. 

PITTSBURGH (Johnstown) Sub-Section. V. F. 
W. Post 155, Johnstown, Pa. “Submerged-Arc 
Welding,” C. W. Lytton, Lincoln Electric Co., and 
L. A. Colarossi, Pittsburgh-Des Moines Steel Co. 

WESTERN MASSACHUSETTS Section. Trase’s 
Restaurant, Springfield, Mass. Dinner 6:30 P.M. 
“Ultrasonic Welding.” Coffee Film: Viva Mexico, 
Courtesy American Airlines. 

JANUARY 14 

STARK CENTRAL Section. Plant Visit, E. W. 
Bliss Co., Canton, Ohio. 

JANUARY 15 

IOWA Section. Hotel Kirkwood, Des Moines, 
lowa. Dinner 7:00 P.M. “Resistance Welding,” 
P. Thorne, National Electric Welding Machine Co, 


MADISON Section. Eagles Club, Madison, Wis. 
“An Evaluation of Various Types of Power Sources 
for Welding,” G. K. Willecke, Miller Electric Mfg. 
Co. 


JANUARY 16 

CHICAGO Section. Milner’s Restaurant, Chi- 
cago, Ill. Social 5:45 P.M. Meeting 7:30 P.M. 
Peoples Gas Auditorium. “Design for Welding,” 
Omer W. Blodgett, Lincoln Electric Co. 

FOX VALLEY Section. Appleton Elks Club, 
Appleton, Wis. 7:45 P.M. “Low-Hydrogen Type 
Electrodes for Welding High-Tensile Strength 
Steel,” R. K. Lee, Alloy Rods Corp. 

MARYLAND Section. Engineers Club, Balti- 
more, Md. “Manufacture, Fabrication and Appli- 
cation of Lukens Clad Steels,” Louis K. Keay. 

MILWAUKEE Section. Ambassador Hotel, Mil- 
waukee, Wis. “Submerged-Arc Welding,” Wm. 
Schuster, American Car & Foundry. 

JANUARY 19 

PHILADELPHIA Section. Engineers Club, Phil- 
adelphia, Pa. 8:00 P.M. Past Chairman's Night. 
“Some of the Design and Welding Problems at the 
Eddystone Station Project,” R. D. Bayajian, 
Philadelphia Electric Co. 

PITTSBURGH Section. Joint Meeting with 
AIEE. Park Schenley Restaurant, Pittsburgh, Pa. 
“Power Supply for Resistance Welding,” Jerome 
Welch, Cutler-Hammer, Inc. 

WICHITA Section. Howard's Foodliner (down- 
stairs), Wichita, Kan. Dinner 6:30 P.M. Dinner 
8:00 P.M. “High-Temperature Brazing for Atomic 
Energy Applications,” P. Patriarca, Union Carbide 
Nuclear Co. 

JANUARY 20 

HOLSTON VALLEY Section. Johnson City, 
Tenn. “Modern Fabrication Techniques,” P. 0. 
Leach, Combustion Engineering. 

NEW JERSEY Section. Essex House, Newark, 
N. J. Dinner 6:30 P.M. Meeting 8:00 P.M. 
“Quality Welding in the Job Shop,” Harold Schanck, 
Swepco Tube Corp. 

NEW ORLEANS Section. New Orleans, La. 
“Nickel from the South,” C. S. Simons, Cuban 
American Nickel Co. 

NORTHWESTERN PENNSYLVANIA Section. 
Erie, Pa. “Code Welding Procedure.” 

OLEAN-BRADFORD Section. The Castle, Olean, 
N. Y. Dinner 6:30 P.M. Meeting 8:00 P.M. 
“High-Speed Submerged-Arc Welding as Applied 
to Freight,” Wm. H. Schuster, American Car & 
Foundry Div. 

TOLEDO Section. Toledo, Ohio. “Construction 
Problems in the Development of Guided Missiles.” 


JANUARY 21 


PITTSBURGH Section. Auditorium, Mellon In- 
stitute of Industrial Research, Oakland, Pa. 
“Manual Metal-Arc Welding,” D. H. Marlin, Dravo 
Corp., and Wm. H. Kauffman, Williams and Co. 


JANUARY 22 


BATON ROUGE Section. Baton Rouge, La. 
Dinner Meeting 7:00 P.M. “Fabrication and 
Welding of T-1 Steel,”” Louis K. Keay, Lukens Steel. 


MAHONING VALLEY Section. EI Rio Restaurant, 
Warren, Ohio. Dinner 7:00 P.M. Meeting 8:00 
P.M. “Salvaged Welding of Machined Parts,” 
J. C. Weis, Bendix Aviation Corp. 

NIAGARA FRONTIER Section. The Cypress 
Inn, Buffalo, N. Y. Dinner 6:30 P.M. Meeting 
8:00 P.M. “Power Sources for Arc Welding,” 
J. Blankenbuehler, Hobart Bros. Co. 


JANUARY 23 
INDIANA Section. Plant trip. Honeycomb 
Division, Twigg Industries, Martinsville, Ind. 


JANUARY 26 
WESTERN MICHIGAN Section. Plant Tour— 
Kalamazoo. 


JANUARY 27 

CINCINNATI Section. Engineering Society 
Headquarters, Cincinnati, Ohio. Philip Sommer, 
LeTourneau-Westinghouse. 

LOUISVILLE Section. Inspection trip at Ford 
Motor Co. Dinner in cafeteria at 6:30 P.M. 


JANUARY 28-29 

CHICAGO Section. Fifth Annual Midwest 
Welding Conference, Illinois Institute of Technol- 
ogy. 
FEBRUARY 2 

LEHIGH VALLEY Section. Walp’s Restaurant, 
Allentown, Pa. Dinner 6:30 P.M. Meeting 8:00 
P.M. “Submerged-Arc Welding,” A. G. Hogaboom. 

WORCESTER Section. Tower House Restaurant, 
Worcester, Mass. Social 6:00 P.M. Dinner 7:00 
P.M. Meeting 8:00 P.M. “Aluminum Welding— 
Past, Present, and Future,” |. A. MacArthur, Olin- 
Mathieson Chemical Corp. 


FEBRUARY 5 

NORTHERN NEW YORK Section. Panetta’s 
Restaurant, Menands, N. Y. ‘“‘Iron-Powder Elec- 
trodes,” D. C. Smith, Harnischfeger Corp. 


FEBRUARY 6 

PHILADELPHIA Section. Engineers Club, Junior 
Room. 8:00 P.M. “Factors Affecting Weld Fail- 
ures.” 


FEBRUARY 9 

NORTHWEST Section. Minneanolis, Minn. 
Joint meeting with American Foundrymen’s 
Society. “Casting and Welding Industries,” John 
J. Uppgren. 


FEBRUARY 10 

DAYTON Section. Plant visitation. Fisher 
Body Division, Hamilton, Ohio. 

NEW YORK Section. Victor's Restaurant, New 
York City. “Brazing Challenges the Thermal 
Barrier,” D. C. Herrschaft, Handy & Harman. 

NORTH TEXAS Section. Western Hills Inn. 
Technical Session and Dinner, 6:30 P.M. ‘‘Resist- 
ance Welding,” W. J. Farrell, Sciaky Bros., Inc. 

WESTERN MASSACHUSETTS Section. Joint 
meeting with ASM Springfield Chapter. Oaks 
Hotel, Springfield, Mass. “‘Hard-Surfacing Material 
and Techniques,” E. J. Lell, Wall Colmonoy Corp. 


FEBRUARY 11 


STARK CENTRAL Section. Canton, Ohio. 
“Welding of Dissimilar Metals, Cast and Ductile 
Irons,” L. M. Petryck, International Nickel Co. 


Editor's Note: Notices for April 1959 meetings must reach Journal office prior to January 20, so that they may be published in March Calendar. Give 


full information concerning time, place, topic and speaker for each meeting. 
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MAINTENANCE 


Denver, Col.—The Colorado Sec- 
tion held its October meeting on the 
14th after an excellent dinner at 
Cavaleri’s Restaurant. 

The speaker for the evening was 
Don Johnson, a trouble shooter for 
Ward Electric Co. of Denver. His 
subject was ““The Maintenance and 
Repair of Electric Welding Ma- 
chines.”” Mr. Johnson is_ widely 
known as an expert in his field, and 
he demonstrated this in his talk. 
The talk covered everything from 
preventive maintenance to major 
overhauls, and was very well re- 
ceived by those present. During 
the question period, he expertly 
answered a wide variety of questions 
on the subject. 


District of Columbia 


ALUMINUM FABRICATION 


Washington, D. C.—The Octo- 
ber 16th meeting of the Washington 
Section was held in the Perpetual 
Building Assn. auditorium with 
C. J. Sullivan, manager of the Airco 
Process Development Laboratory, 
as the speaker. The subject he 
chose was “Aluminum Fabrication” 
and centered on small aluminum 
structures which are common to 
the electronics industry. Slides 
were shown with a discussion of 
peculiarities of the very largest of 
aluminum structures and the proc- 
esses used to fabricate them. A 
panel of experts from the local 
government agencies and industrial 
firms, dealing with welded alumi- 
num structures, followed the talk 
with an open discussion. Members 
of the panel were as follows: Sam 
Grant, ACF Industries; J. Bruce 
Parker, Alcoa; Willard Hill, Naval 
Research Laboratory; Allan L. 
Tarr, U. S. Army Corps of Engi- 
neers; John Huminik, Jr., Melpar, 
Inc.; and George Luther, Airco. 

The panel and audience discussed 
tolerances and jigging of small struc- 
tures that are common to the elec- 
tronics industry. Also, heat treat- 
ment and stress-relief treatments of 
aluminum alloys were discussed. 
The lively audience of fifty people 
thoroughly enjoyed the discussion 
on tolerances of 0.002 to 0.005 in., 
which are now common to alumi- 
num dip-brazing operations and 
selection of the inert-gas process for 
the various types of job shops and 


RESISTANCE WELDING 


Peoria, Ill.—A meeting of the 
Peoria Section was held on October 


15th at the Mecca Supper Club, at . 


which time J. Welch, process and 
manufacturing engineer for Cutler- 
Hammer, Inc., spoke on the subject 
“Resistance Welding.’’ Mort Pac- 
ker, LeTourneau-Westinghouse, was 
technical chairman. 


PLANT TOUR 


Marion, Ind.—On October 29, 
eighty members and guests of the 
Anthony Wayne Section assembled 
in the reception room of the Fisher 
Body Division of the General 
Motors Co. and were ushered to a 
room containing a '/,-in. scale 
model layout of the entire plant. 
This model contained every ma- 
chine from overhead cranes to the 
telephones on the miniature desks 
in the office. 


JOIN AWS... 


. and help build 
yourself a better future 
through a stronger 

and more prosperous 
welding industry. 

Grow with the industry 
and progress with AWS. 


From the model room, they were 
guided through the toolmaking de- 
partment, the die finishing depart- 
ment and the press department. 
The latter machines were turning 
out fenders, rear quarter panels, 
tops, body braces and brackets for 
the 1959 Chevrolets and Pontiacs. 
From this department, they were 
able to see Fisher’s roll sheet 
storage and handling department. ; 

The group then proceeded to the 
assembly line where assemblers were 
spot welding dashboards, rear fen- 
ders, quarter panels and tail gates. 
This plant had 75 welding presses in 
operation. All machines are af- 
fixed with jigs which eliminate any 
guesswork and reduce mistakes to a 


minimum. 


GUIDED TOUR 


Anderson, Ind.—The October 
24th meeting of the Indiana Section 
consisted of a tour of the Guide 
Lamp Division of General Motors 
Corp. at Anderson, Ind. Fifty- 
six members and guests were served 
dinner at Linders Restaurant pre- 
ceding the tour. 


Your membership brings you these advantages: 


@ Welding Journal—The World’s outstanding welding engineering 
and application magazine comes to you each month. 


@ Welding Handbook—The 


“Bible” of the welding industry 


Full Members receive a new 500 page section each year. 


Section Activities—Each month you join other Section Members 
in meetings, plant tours, educational courses, social and recrea- 


tional activities: 


greeting the experts, interchanging ideas, 


learning new welding know-how, enjoying fellowship and having 


good fun. 


National Activities—Annual Meetings, the Welding Exposition, 
more than one hundred technical and operating committees 
provide opportunities for your national participation. 

Welding Standards—You can help develop the manuals, codes 
and specifications used nationally and internationally to control 


welding and welded fabrication. 


Why not join AWS now? For application form and additional details, write: 


AMERICAN WELDING SOCIETY, INC. 


33 WEST 39th STREET 


NEW vol 18, N. Y. 


industries. For details, circle No. 19 on Reader Information Card 
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The future methods of control operations for resistance welding were treated at length 
by Stuart C. Rockafellow at the November 3rd meeting of the Worcester Section. Shown 
during the dinner which preceded the technical presentation are Section Chairman W. E. 
Frye, Mr. Rockafellow and Program Chairman E. C. Hall 


Robert Hilburt, welding engineer 
of Guide Lamp and Ist vice-chair- 
man of the Indiana Section, gave a 
brief welcome and history of the 
Anderson industry. 

Guide Lamp manufactures lamps 
for the automotive industry. Dur- 
ing the tour, various manufactur- 
ing processes were shown to the 66 
members and guests, with special 
emphasis placed on their numerous 
resistance-welding applications. 


VISIT TO POWER STATION 


Mishawaka, Ind.—The Michi- 
ana Section had a most enjoyable 
meeting on October 16th as guests 
of the Indiana & Michigan Electric 
Co. at their Twin Branch Generat- 
ing Station, Mishawaka. After a 
fine meal in the plant cafeteria, 
Roland Fitch, manager of the sta- 


tion, gave a short talk outlining the 
history of generating development 
at Twin Branch, which has been 
one of the pioneers in high-pressure, 
high-temperature steam systems. 

Following this description of the 
plant, the tour was made. Since 
all boilers, steam lines, generators 
and auxiliary equipment are totally 
enclosed, only the control devices 
could be observed. 

Most interesting was the change 
in number of gages, controls and 
other devices from the first unit, 
which was installed in 1913, to the 
most recent one, only a few years 
old. The former were located in a 
little ‘‘cubby-hole’’ between the 
boilers and the generators, the 
latter in a special air conditioned 
room. 

Another interesting control room 
was the communications room. 


SOCIAL MEETING HELD BY KANSAS CITY SECTION 


The September meeting of the Kansas City Section was strictly a social event, giving the 
members and guests an opportunity to become better acquainted 
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Here, by phone, radio and modula- 
tions of the magnetic field that 
surrounds every power line, the 
operator is in continuous touch with 
a large area around the plant, 
ready to dispatch repair crews at the 
first sign of trouble and to keep 
everyone involved informed as to 
the conditions throughout the area. 
All piping in these high-tempera- 
ture lines is welded. Mechanical 
joints have long since fallen short on 
ability to contain steam under the 
applying operating conditions. 


WELDED AIRCRAFT 


Wichita, Kan.—-The problem 
of designing an all-welded steel 
airplane was presented at the 
November 10th meeting of the 
Wichita Section by Wm. J. Farrell, 
chief applications engineer for 
Sciaky Bros., Inc., Chicago. Air- 
craft that can move at three times 
the speed of sound are in the plan- 
ning stages now. The terrific heat 
built up by the wind friction at 
these speeds is greater than alumi- 
num can stand; hence, the need for 
aircraft made of high heat-resisting 
steel alloys. 

Mr. Farrell drew diagrams of 
various core designs for aircraft 
construction necessary to reduce 
weight and holding aircraft ‘“‘skin”’ 
rigid while in flight. He made a 
detailed explanation of the “‘honey- 
comb,” “waffle,” “‘corrugated”’ and 
“tube” designs, concluding with the 
statement that these sandwich de- 
signs, weightwise and costwise, are 
not feasible as yet. 

He proceeded to describe an “X 
truss” core design that Sciaky 
Bros. is working on. It is made 
with a resistance-welding process 
developed by his company which 
they hope will make this design 
economically feasible for use in 
high-speed aircraft. 


Massachusetts 


SPRAYING PROCESS 


Springfield, Mass.—The regular 
monthly meeting of the Western 
Massachusetts Section was held on 
the 14th of October at Trase’s 
Restaurant in Springfield. Follow- 
ing dinner, a film entitled “‘Mer- 
cury” was shown. This film was 
procured from the American Air- 
lines. 

Guest speaker of the evening was 


RESISTANCE-WELDING CONTROLS EXPLAINED BY ROCKAFELLOW 
| 
{ ‘ > va 
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Richard King, sales engineer of the 
Metallizing Engineering Co., who 
spoke on ‘“The Thermospray Proc- 
ess.” Mr. King explained the 
spraying of tungsten carbide, ce- 
ramics and self-fluxing alloys. 


BRAZE WELDING 


Springfield, Mass.—The Wes- 
tern Massachusetts Section held a 
very interesting and enjoyable meet- 
ing on November 4th. After a 
delicious dinner served at Trase’s 
Restaurant in Springfield, the mem- 
bers enjoyed a coffee film entitled, 
‘Indianapolis 500 Mile Race.”’ This 
is one of the most exciting films 
that the Section has had to date. 

A. N. Kugler, chief welding engi- 
neer for Air Reduction Sales, gave 
an informative talk on “Brazing 
and Braze Welding,” which was 
accompanied by slides and covered 
various brazing techniques and 
applications. 

A question-and-answer session was 
held at the end of Mr. Kugler’s 
talk. The response given to this 
part of the program was indicative 
of the excellent presentation by the 
speaker. 


RESISTANCE-WELDING 
CONTROLS 


Worcester, Mass.—-The Wor- 
cester Section monthly meeting was 
held on November 3rd at the 
Tower House Restaurant in Wor- 
cester, with a social hour at 6 
o’clock, dinner at 7, and technical 
aeeting at 8. Approximately 50 
peopic were on hand to hear Stuart 
Rockafellow, vice-president in 
charge of engineering, Robotron 
Corp., Detroit, give an excellent 
dissertation on ‘“‘Future Methods of 
Control Operations for Resistance 
Welding.” 

By the use of blackboard and a 
fair quantity of chalk, Mr. Rocka- 
fellow went through the history of 
controls for resistance welding to 
date and then proceeded to delve 
into the future and discussed solid 
state devices for the control of the 
heavy resistance-welding currents. 
He pointed out that with the de- 
velopment of better and higher 
capacity rectifiers more d-c welding 
would be employed to increase the 
speed of production of many items 
which are now fabricated by 60- 
cycle current. 

Mr. Rockafellow emphasized that, 
with present up-and-down slope 
control, galvanized and other coated 
materials were being satisfactorily 
welded over a wide latitude of 
machine settings. 

After his talk, the speaker an- 


swered questions from the floor for 
another thirty minutes. 


It was an evening well spent. 


POWER SUPPLY 


Saginaw, Mich.—The Saginaw 
Valley Section met on October 9th 
and Ed Davis, manager of Materials 
and Process Group, Westinghouse 
Electric Corp., discussed the ad- 
vantages of the a-c transformer, d-c 
rectifier and  constant-potential 
power sources. Of special interest 
was the new development by West- 
inghouse of a reactor to limit current 


surge in the d-c constant-potential 
machine, for improved consumable- 
electrode welding. 

The metal-arc spot-welding equip- 
ment and its operation were fully 
described with extensive slides. 

The Saginaw Valley Section also 
had the unexpected pleasure of 
meeting and hearing National 
Secretary F. L. Plummer, Clar- 
ence E. Jackson, chairman of the 
national Educational Activities 
Committee, and A. L. Phillips, Edu- 
cational and Information Activities. 
The three guests had attended the 
National Educational Activities 
Committee meeting at General 
Motors Institute in Flint during the 
day. 


Aronson GEARED ELEVATION 


“Versus Ordinary Power Elevation 


The best working position is as near the floor as possible. The 
only reason to elevate the work on the positioner is to give floor 
clearance for extra large work pieces. 


ARONSON 
GEARED ELEVATION 


33” erfective RANGE 
‘ 


NO OBSTRUCTION 


ORDINARY POWER ELEVATION 


| 1133/4" 


work 
i table in the flat position when the 
| table is at its minimum height of 
57 ¥."" (LESS THAN FIVE FEET high!). 
And 
THREE Inches of Powered Elevation 
to use as you need it. 


EPONSON macuinE COMPANY 


In the ordinary positioner the work- 
| piece can be no bigger than 9’-3” in 
diameter if it is to clear the single 
post sticking up the back. 

This means that the single-post 
design requires large work to be 
| loaded on the table in the flat posi- 
| tion when the 

108 %” (over NINE FEET high!) above 

the floor. 

At that height, there is onl 

INCHES additional height range! 
| With ARONSON “Geared Elevation” 


table is at least 


FIVE 


there is no limit to the diameter of 


that can be loaded on the 


then you still have THIRTY- 


ARCADE, NEW YORK 


For details, circle No. 21 om Reader Information Care 
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FOIL WELDING PROCESS 


Grand Rapids, Mich.--The 
October 27th meeting of the Western 
Michigan Section was held at the 
Varsity Grille in Grand Rapids. 

The technical session was addressed 
by Myron Zucker of the Myron 
Zucker Engineering Co. of Detroit. 
He was assisted by John Van Dam, 
local representative of the Myron 
Zucker Co. The talk dealt with a 
newly introduced foil butt-seam 
welding process. 

The meeting proved to be a very 
interesting and informal affair. Mr. 
Zucker showed slides, charts and 
several pictures of the actual welding 
with the foil process, along with 
several new uses for the welding 
process in actual manufacturing. 


ANNUAL PICNIC 


Union, N. J.—The annual picnic 
of the New Jersey Section was held 


on September 20th at the Old 
Cider Mill Grove in Union. In 
spite of an overcast day, this year’s 
attendance of 940 was the biggest 
ever. 

With ample food continuously 
available from noon until 6:00 
P.M., no one went hungry. The 
tasty frankfurters, hamburgers, 
sausages, clams, roast beef, corn- 
on-the-cob and other foods, along 
with beer, tempted even the most 
serious diet-minded individuals. 

Games of many types provided an 
outlet for the competitive spirit. 
Over 50 teams tock part in horse- 
shoe pitching. Others preferred 
shot-put, egg-throwing, sack race or 
fly casting. Baseball brought out 
team talent in many forms, with 
the Jersey Welding Supply Co. 
coming out on top. For those who 
preferred less strenuous physical ac- 
tivities, cards were provided for 
pinochle, bridge and even poker. 

Door prizes were donated in 
quantity by the many companies 
who are close to the Society and 
holders of many lucky tickets took 
these prizes away. The “loose 


change”’ accumulation of $357 plus 
change was won by a guess that 
came within a few cents. 

Credit for handling this big, 
traditional affair goes to Ralph 
Minga of the Linde Co. and to his 
staff who did a wonderful job of 
packing lots of activity in the few 
hours between noon and sundown. 


WELD QUALITY 


Newark, N. J.—Before an audi- 
ence of about 100 members and 
guests of the New Jersey Section at 
the Essex House in Newark, on 
October 21st, Helmut Thielsch of 
the Grinnell Co. delivered an en- 
lightening talk on why welds some- 
time fail in spite of advanced 
equipment, techniques and develop- 
ments. He _ referred to _ those 
necessities for good welding execu- 
tion such as attention to design, 
selection and handling of materials, 
fabrication and the fabricator and 
service conditions. He stressed the 
fact that one must not blindly 
accept statements to the effect that 
the weld was not good, but rather 


NEW JERSEY SECTION SPONSORS ANNUAL PICNIC 


Old Cider Mill Grove was the scene of the September 20th picnic 
Horse-shoe pitching was 


held by the New Jersey Section. 
enjoyed by many 


Some tried their hand at basketball 
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Although it was an overcast day, 940 members and guests were 
in attendance to enjoy the festivities. There was plenty of food 


Others went in for the shot put 
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one should find out why the failure 
occurred. He noted that failure 
may originate from sources other 
than the weld. Aside from the 
itemization of many details that 
play a part in weld failure, an ex- 
cellent slide selection supported 
his discussion. 

At the dinner preceding the meet- 
ing, 57 people had an opportunity to 
continue acquaintanceships. Fol- 
lowing this, an Alcoa film presenta- 
tion, “Advances with Aluminum,” 
covered various welding techniques 
for aluminum. 

A first for the New Jersey Section 
was the attendance of their first 
woman member, Mrs. Dagne Ahrens 
of the Robvon Backing Ring Co. 

The meeting was concluded with a 
social get-together and refreshments. 


MISSILE WELDING 
APPLICATIONS 


Hicksville, L. I.—The Long 
Island Section was honored with the 
presence of Harlan Meredith as 
guest speaker at their October 
meeting held at Henningsen’s Res- 
taurant in Hicksville on October 
9th. Mr. Meredith is vice-presi- 
dent of Airline Welding & Engineer- 
ing Co. of Hawthorne, Calif. 

Mr. Meredith’s experience in the 
welding field has been concerned 
with missile welding applications 
and his informative material was 
presented in a very expert fashion. 
The program was highlighted with 
the showing of films and the dis- 
playing of samples of difficult-to- 
weld materials. 

The response of the members 
attending this meeting was most 
enthusiastic not only for the time- 
liness of the subject but the manner 
in which it was presented. 


LOW-HYDROGEN ELECTRODES 


New York, N. Y.—The New 
York Section held its _ regular 
monthly meeting on October 14th. 

The main speaker was Richard K. 
Lee, vice-president of the Alloy 
Rods Co., York, Pa., and his sub- 
ject for the evening was “Iron- 
Powder Low-Hydrogen Electrodes.”’ 

Mr. Lee’s talk covered develop- 
ment of low-hydrogen electrodes 
from their first initial use in 1943, 
when stainless-steel electrodes were 
ruled out due to the shortage of 
nickel. He explained that his com- 
pany found that they could get 
good performance from low-hydro- 
gen electrodes on armor plate. He 


also mentioned that hydrogen 
causes pressure in such types of 
steel, whereas mild steel is plastic 
and has a tendency to give. In 
addition, he pointed out that low- 
hydrogen electrodes are applicable 
for welds on free-machining steel 
and produce sound weld metal 
when used on high-sulfur steel. 

Mr. Lee illustrated his talk with 
slides which showed the effect of 
different amperages and the extent 
to which proper positioning, when 
such electrodes are used, influence 
their successful application. 

Mr. Lee’s talk was well received 
and numerous questions were asked 
during the subsequent question- 
and-answer session. 

The meeting, as usual, was held at 
Victor’s Restaurant, 1 E. 35th St., 
where an excellent dinner was served 
prior to the meeting. 


PROCESS LIMITATIONS 


New York, N. Y.—On November 
3rd, the third regular meeting of the 
New York Section was held at its 
regular meeting place, Victor’s Res- 
taurant, where an excellent dinner 
was served prior to the meeting. 


The speaker of the evening was 
John Mikulak, assistant to vice- 
president of the Worthington Corp., 
Harrison, N. J. 

The topic of his talk was “‘Limita- 
tion of Processes.” The speaker 
gave a very informative talk and 
stated that though automation is 
strong, the industry is full of old 
techniques. The public and the 
industry accept the products 
mostly on the basis of present sales 
techniques; however, the designers 
must be qualified and continue their 
research and development in order 
to help further the sales. 

Improvements deviating from 
riveted and bolted joints are being 
developed as, for example, the radius 
of channels has been changed 
and this increase in radius has 
aided in reducing the welded joints. 
Fabrication, as far as cost is con- 
cerned, is considerably less by 
welding, particularly where the semi- 
automatic process can be used. 

Subassemblies can be made up 
either by semiautomatic or manual 
process and they, in turn, can be 
welded into one finished product 
having considerably less weight 
than such product previously manu- 
factured. 
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Mr. Mikulak also mentioned that 
metallurgical properties are care- 
fully watched both in regards to the 
base metal and to the filler metal. 
He illustrated his talk with a great 
number of slides and upon comple- 
tion of the talk an _ interesting 
question-and-answer period ensued. 

Overall it was a very successful 
meeting and an audience in excess of 
sixty persons attended. 


CARBON-DIOXIDE WELDING 


Dunkirk, N. Y.—-Fifty members 
of the Niagara Frontier Section met 
at 5 P.M. on October 23rd and made 
a tour of the ALCO Products plant 
in Dunkirk. Arrangements were 
made by Wm. Mason, production 
superintendent at ALCO. 

The tour was followed by a dinner 
and meeting at the Shorewood 
Country Club. Technical speaker 
at the meeting was J. A. Howery of 
the National Cylinder Gas Div., 
Chemetron Corp., Chicago. Mr. 
Howery’s talk was on “Welding 
with CO, Gas.” 


REACTOR-VESSEL 
FABRICATION 


Albany, N. Y.— More than sixty 
members and guests were present 
for the November 6th meeting of 


“Frightened to death” is no fig- 
ure of speech where cancer is 
concerned. Each year thousands 
of Americans lose their lives 
needlessly because they were too 
terrified about cancer to even 
learn facts which could have 
saved their lives! Learn how 
to protect yourself and your 
family by writing to ‘“‘Cancer,"’ 
c/o your local post office. 


American Cancer Society 
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the Northern New York Section 
held at the Hot Shoppes Restaurant 
in Albany. Following a roast-beef 
dinner, and prior to the technical 
talk, Roger Clark, one of the Ameri- 
can representatives to the Inter- 
European Welding Mission held in 
1955, introduced A. LoGiudice, 
who was one of the Italian repre- 
sentatives to the same Mission. 

The speaker of the evening was 
R. E. Lorentz, Jr., assistant to the 
director of the Metallurgical Divi- 
sion of Combustion Engineering, 
Inc. Mr. Lorentz presented a most 
interesting talk on “Fabrication 
Problems in the Manufacture of 
Reactor Vessels.”” It included dis- 
cussion of welding, specification 
requirements and nondestructive 
testing and was illustrated through- 
out with excellent slides of reactor 
vessels in various stages of fabrica- 
tion. The members in attendance, 
many of whom have had experience 
in welding large steam-turbine 
components, were amazed to hear 
about applications in which 12- 
to 14-in. deep groove welds were 
deposited. Photographic slides were 
shown of the components being 
fabricated and macrosections re- 
moved from across the welded 
joints were shown by the speaker. 
These welds were deposited with 
the submerged-arc welding process. 

Another application of  sub- 
merged-arc welding which was dis- 
cussed by Mr. Lorentz was the 
surfacing of vessels by the deposition 
of stainless-steel weld-metal over- 
lays. Fabrication of several stain- 
less-steel vessels was also discussed. 
The root pass was tungsten-arc 
welded, after which the joints were 
completed by manual metal-arc 
welding and submerged-arc welding 
with Type 304 stainless-steel elec- 
trodes. All of these welds were, of 
course, deposited in such a manner 
as to meet the stringent require- 
ments placed on nuclear reactor 
vessels. There was little doubt at 
the conclusion of the meeting that 
welding will play an increasingly 
important role in future technologi- 
cal development. 


WELDING STAINLESS STEELS 


Rochester, N. Y.—The Rochester 
Section held its first monthly dinner 
meeting of the season on Monday, 
October 20th, at the Liederkranz 
Club in Rochester. Approximately 
50 members and guests enjoyed an 
excellent dinner, after which Harry 
F. Reid, Jr., who is presently in 
charge of the Technical Service 
Division of the McKay Co., de- 
livered a very interesting talk on the 
“Welding of Stainless Steels.” 

In his well-prepared and expertly 


delivered discussion on the subject. 
Mr. Reid referred to the many 
specialized grades of stainless steel 
that have been developed to coalesce 
with the varying modes of applica- 
tions, and diagrammatically illus- 
trated the processes available to be 
utilized as tools in welding stainless. 

In welding stainless steels, Mr. 
Reid remarked, special welding pro- 
cedures must be employed in lieu 
of the procedures set up for carbon 
steel because of the heat problems 
induced in the stainless-steel grades. 
In the establishment of the proce- 
dures for the joining of stainless steel, 
six points were stressed to be kept 
in mind: (1) thoroughly clean 
assembly; (2) use small-diameter 
electrode and stringer-bead tech- 
nique wherever possible; (3) main- 
tain a short arc; (4) avoid excessive 
welding currents; (5) minimize time 
of welds in the range of 800 to 
1500° F; (6) redissolve precipitated 
carbides in unstabilized grades. 

One of the greatest problems 
posed in many applications of 
welding stainless steels is the un- 
desirable occurrence of precipitated 
carbides. This phenomenon can be 
minimized or overcome, Mr. Reid 
related, by: (1) using stabilized 
plate material and filler metal; 
(2) using extra low-carbon plate 
and filler metal; (3) using unstabil- 
ized plate and filler metal, mini- 
mizing heat input and following 
welding with an immediate water 
quench; (4) using unstabilized plate 
and filler metal and following fabri- 
cation with a high-temperature solu- 
tion anneal treatment. 

Mr. Reid then dwelt briefly on 
the types of coverings used on elec- 
trodes and how they are processed. 
He indicated that, although the 
contour of the weld bead is some- 
what different between the lime- 
type coating and with the ac-dc 
type, the quality of the weldment is 
relatively the same irrespective of 
the type of coating chosen. 


PLANT TOUR 


Dansville, N. Y.—On November 
17, about 75 members and guests of 
the Rochester Section had dinner 
at Dansville, N. Y., and were 
conducted on a plant tour of the 
Foster Wheeler Corp., Dansville 
Works. During the dinner, Law- 
rence E. Conklin, works manager of 
the Foster Wheeler Plant, bid the 
members welcome and expressed 
his and the company’s satisfaction 
with the efforts of the AWS and 
the aid they have given in the 
field of steam generator fabrication. 
Mr. Conklin went on to describe 
many of the changes which have 
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with the “Mechanized Squirt Welder” 


Here’s how you can get the speed and sureness of automatic 
welding . . . plus portability and versatility never before 
heard of in submerged arc welding. 


Mechanized gun is propelled at any preset speed while elec- 
trode and flux are fed from an all day supply on the compact, 
portable control unit. 


e Accurately controlled speeds 


P ° TRIGGER — Single trigger starts 
from 1 to 70 inches per minute. ine beleee 


and stops flux flow, wire feed, 


and welding current. 
Flux and wire supplies allow 


many hours of continuous weld- 


ing. 
e@ Guides in any direction without SPEED CONTROL AND REVERSING 
fixtures. SwitcH — Speed control dial cali- 


brated in in nche per minute, Can be 
changed while welding. Reversing 
bd Deep penetration of submerged switch determines direction of travel. 


arc welding. 
e Easy to make beautiful welds. 


e High operator appeal—light 
gun, no helmet. 


MOTOR MOUNT— 
Travel motor easily ad- 
justed up or down to 
control flux coverage 
and rotated around the 
gun to change travel 
direction. Control wire 
coupling disconnects 
Sor quick removal of en- 
tire travel mechanism 
for manual operation. 


TRAVEL MOTOR AND DRIVE 
WHEEL—Prope/s gun in any direc- 
tion at desired speed. 


FLUX — Granular flux feeds (34” or Feeds 
through tube from tank on con- 


inuously from 60 coil in 
trol unit to small reservoir on gun 


control unit through extra flex- 
Flows from gun by Rravily as Cas Paes ible cable. 


netdeda, 


PORTABLE CONTROL UNIT (10/ Shown) — Con- 
tains arc voltage and inching speed controls as 
well as meters for welding current and voltage. 
Unit also mounts 60 lb. coil of electrode and 
tank for over 100 lbs. of flux. Entire control 
system operates on 115 volt AC power. \\ 


The World’ Largest Manufacturer = 


© 1958 The Lincoln Electric Company 


THE LINCOLN ELECTRIC COMPANY, Dept. 1948, CLEVELAND 17, OHIO 


For details, circle No. 69 on Reader Information Card 
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ARC WELDING AT WORK CUTTING COSTS 

lp 


Jerry Hinkel illustrates a point in welding 
technique before Cincinnati Section at 
the October 28th meeting 


Guest speaker Hinkel and Section Chair- 
man Bob Losee discuss welding-electrode 
application 


taken place in the plant since the 
last visit of the Section in the fall of 
1952. 

For the tour, the members were 
divided into groups of six, and each 
group provided with a guide. The 
circuit through the plant was com- 
pleted in about two hours. Many 
of the members expressed particular 
interest in the automatic inert- 
gas-shielded metal-arc butt welding 
of tubes. The plant has built two 
machines for this process. Con- 
siderable time was spent examining 
the fin-to-tube welding operations. 
These are accomplished with CO, 
gas-shielded metal-arc welding on 
carbon and low-alloy steel, and with 
argon shielding for stainless fins and 
tubes. 

Every visitor was interested in 
and impressed by the new Works 


Laboratory that has been built at 
the Dansville Plant. Some time 
was spent by all in this laboratory 
examining samples of welds from the 
various processes employed through- 
out the shop. Several groups had 
the opportunity to view metallo- 
graphic samples with the aid of the 
new research model metallograph. 
The laboratory’s new heat-treating 
facilities were another point of 
interest. These furnaces, designed 
for stress relief of weldments and 
for solution heat treating of stainless 
steel and hardening of tool steels, 
indicated the advances that are 
being made in the fabrication of 
boilers since the days of “chammers 
and rivets.” 

Other welding operations which 
were viewed by the group included 
electric flash-butt, submerged-arc, 


OXYGEN CUTTING IS THEIR TOPIC 


The general aspects of the oxygen-cutting process were explained by Joseph F. Kiernan 


at the November 12th meeting of the Cleveland Section. 


Left to right, are Section Vice- 


Chairman Tom Dempey, Mr. Kiernan and Technical Chairman Ed Pederson 
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This WELDED nuclear pressure vessel 


spot and seam resistance, stud and 
projection, in addition to many 
applications of manual fusion weld- 
ing and inert-gas-shielded tungsten- 
arc welding. 

The plant tour included the Forge 
& Assembly Departments, Steel 
Fabrication Shop and the Machine 
Shop, as well as the Tube Fabrica- 
tion Departments. Although some 
groups left at 11 P.M., several 
remained past midnight because of 
particular interests in various appli- 
cations. 

Those who made the 50-mile trip 
from Rochester indicated that the 
tour had been most worthwhile, 
since welding in this plant is a chief 
fabrication tool; approximately 
15% of the productive man-hours 
are employed in welding. 


GAS-SHIELDED 
WELDING OF ALUMINUM 


Syracuse, N. Y.—The October 
8th meeting of the Syracuse Section 
was held at the Hotel Onondaga. 
After a good dinner, attended by a 
large turnout, the members en- 
joyed a coffee talk by John Mc- 
Keehan of the Technical Research 
Section of the General Electric Co. 
Mr. McKeehan covered the past, 
present and future of ““Transistors.”’ 

The principal speaker of the even- 
ing was Ivan Arthur MacArthur, 
welding engineer for Olin-Mathieson 
Chemical Corp., New Haven, Conn. 
Mr. MacArthur discussed the appli- 
cation of the gas-shielded metal-arc 
process, particularly with reference 
to the welding of aluminum and 
aluminum alloys. He reviewed in 
detail the factors to be considered 
when welding these light metals by a 
number of fusion processes. In so 
doing, he explained the roles played 
by the aluminum-oxide film that 
forms on the surface, fluxes, inert- 
gas shields, etc. 

In addition, Mr. MacArthur de- 
scribed the various methods of test- 
ing aluminum welded joints, such as 
bend, magnetic flux, die check, 
destructive sampling and other tests. 

The presentation was followed by 
a question-and-answer period and 
by the showing of a motion picture 
on gas-shielded metal-are welding. 


North Carolina 


STAINLESS-CLAD STEEL 


Greensboro, N. C.—The regular 
meeting of the Carolina Section was 
held on October 28th in Greensboro, 
N. C., at the Mayfair Cafeteria, 
with an attendance of 50 members 
and guests. 


| very stimulating talk on ‘““Automatic 
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SPEAKS ON EQUIPMENT 


A.v¥. 
DAYTON 
SECTION 


Harold J. Lange was guest speaker at 
October 14th meeting of Dayton Section. 
His subject was automatic-arc and resist- 
ance-welding equipment 


The guest speaker for the evening 
was Louis K. Keay, technical service 
engineer for Lukens Steel Co. at 
Coatesville, Pa. Mr. Keay pre- 
sented an illustrated talk on stain- 
less-clad steel. Following the talk, 
a film was shown on the manufac- 
ture of stainless-steel clad plate. 
The talk, slides and film were all 
very informative. 


OXYGEN-CUTTING PROCESS 


Cleveland, Ohio. Another 
large turnout of members at the 
November 12th meeting of the 
Cleveland Section seems to indicate 
that the combination of good pro- 
grams and excellent house facilities 
is the key to Section meeting suc- 
cess. 

The meetings of the Cleveland 
Section are now held in the new 
Cleveland Scientific and Engineer- 
ing Center which provides con- 
venient social hour arrangements, 
pleasant dining atmosphere, good 
food and good service and a sepa- 
rate, well-equipped auditorium for 
technical sessions. The new modern 
building also has a large parking lot 
which is available free to members 
attending meetings. 

A regular feature of Section 
meetings has been a social hour from 
6:00 to 6:30. The free refreshments, 
provided each meeting by a group 
of 16 or more companies, gets the 
group together on time and provides 
an opportunity to relax before 
eating. 


The technical meetings usually 
start at 8:00 P.M. and the program 
for the year is diversified enough to 
attract all of the members to a large 
percentage of the meetings. The 
November technical subject was in 
the popular field of cutting. Joseph 
F. Kiernan of the Gas Apparatus 
Development Section of Air Reduc- 
tion Sales Co. discussed “How to 
Get the Most Out of the Oxygen- 
Cutting Process.”” He covered the 
general aspects of the oxygen-cutting 
process, with particular reference to 
the functions of the three major 
elements involved—the cutting oxy- 
gen stream, cutting speed and pre- 
heat flames. Mr. Kiernan’s talk made 
for an excellent program, backed 
by his 23 years of experience in re- 
search, development and design of 
welding, cutting process equipment. 


AUTOMATIC WELDING 


Dayton, Ohio.—The October 
meeting of the Dayton Section was 
held on October 14th at Kuntz’s 
Cafe with over thirty members 
present for the evening program. 

The speaker was Harold J. Lange, 
sales manager of National Electric 
Welding Machines Co., who gave a 


DAYTON SECTION SPONSORS RESISTANCE-WELDING LECTURE COURSE 


Clyde Smith presented the first seven 
lectures on resistance welding and its 
application 


Members of Dayton Section’s Educational Activities Committee are (left to right) seated, 
Messrs. Kolb, Falter, Schneider and Schulmeister. Standing, are Messrs. Adams, Haus, 
Rife, Stratton and Shultheis 
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This WELDED nuclear pressure vessel 
holds a practical idea for you 


Job Report Courtesy of 
Combustion Engineering, Inc., builder of vessel shown 


uss ARCOSITE FLUX 


for submerged arc welding 


In nuclear installations where radio activity makes weld failure 
dangerous to personnel and can cause indefinite shutdown, sound 
corrosion resistant welds are of utmost importance. To inhibit 
corrosion, portions of the 9 ft. dia. interior of this 33 ft. reactor were 
overlaid with 14 in. of 308L weld metal. Submerged arc welding 
with ARCOSITE $4 flux was used for the job. The girth and longi- 
tudinal joints of the low alloy steel plates were also submerged arc 
welded using ARCOSITE BS flux. Cost-wise, no other conventional 
method of cladding was practical. Arcos weld metal quality guar- 
antees corrosion resistance . . . freedom from maintenance. 
ARCOS CORPORATION, 1500 S. 50th Street, Philadelphia 43, Pa. 


For details, circle No. 27 on Reader Information Card 
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very stimulating talk on “‘Automatic 
Arc and Resistance Welding Equip- 
ment.” 

Mr. Lange emphasized that 
manufacturers of automatic welding 
machines are now adding machining 
and forming operations to the scope 
of their products in an effort to 
provide better integration with auto- 
mated processes. His talk was 
highlighted by films and slides show- 
ing solutions to problems of welding 
automobile _rear-axle _ housings, 
torque, tubes, brake shoes, valve 
lifter push rods, brake backing 
plates, and automatic transmission 
parts. Forming and welding of 
fractional horsepower motor hous- 
ings, and the welding of ground lugs 
and hanger brackets to transformer 
tanks was also shown. 

One of the interesting points Mr. 
Lange made was that both arc and 
resistance welding are currently 
being used on some similar products 
successfully. For example, torque 
tubes are being welded by resist- 
ance, carbon-dioxide arc and sub- 
merged-arc processes by three differ- 
ent manufacturers, all without 
known failures. 


LECTURE COURSE 


Dayton, Ohio.—The Dayton 
Section is sponsoring a 12-session 
lecture course on “‘Resistance Weld- 
ing” which started October 15th 
with an enrollment of 145. 

Clyde Smith, sales representative 
of United Welder Co., has presented 
the first seven 2-hr lectures. The 
eighth and ninth lectures were pre- 
sented by Kent Evans, sales repre- 
sentative for the Denton and Ander- 
son Co. The three final lectures 
will be given by speakers in more 
specialized fields. The complete 
lectures are as follows: 

Oct. 15th—Basic Principles of 
Resistance Welding. Construction 
and Electrical Circuit of Spot- 
Welding Machines. 

Oct. 22nd—Basic Electrical Cir- 
cuits for Spot Welding. Applica- 
tion of Spot Welding Based on 
Types of Machines, Materials and 
Shape of Parts. 

Oct. 29th—Application and Use of 
Portable Spot Welders. Basic 
Types of Gun Welders. Types and 
Construction of Secondary Cables. 
Gun Transformer and Suspension 
Systems. 

Nov. 5th—Application and Use 
of Projection Welding. Projection 
Shapes and Sizes. Machine Con- 
struction, Electrode and Fixture 
Design. 

Nov. 12th—Application and Use 
of Seam Welding. Types of Seam 
Welding Machines. Joint Design, 
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Overlapping, Mash Welding, Con- 
tinuous and Interrupted Applica- 
tions. 

Nov. 19th—Application and Use 
of Flash and Upset Butt Welding. 
Preparation and Joint Design. Rec- 
ommended Material Allowance. 

Dec. 3rd—Application of Special 
Resistance-Welding Machines. 
Multiple Spot, Seam and Projection 
Welding Machines. 

Dec. 10th—Resistance Welders 
with Indexing Tables and Auto- 
matic Loading and Unloading 
Equipment. Combination Form- 
ing Welding Machines. 

Jan. 7th—Installation, Setup and 
Tryout of  Resistance-Welding 
Machines. Operation and Main- 
tenance. Maintenance of Elec- 
trodes, Fixtures and_ Electrical 
Equipment. 

Jan. 14th—E. F. Holt, P. R. 
Mallory and Co., Inc. Resistance- 
Welding Alloys. Maintenance of 
Various Alloy Electrodes. 

Jan. 21st—J. J. Riley, Taylor 
Winfield Corp. Resistance-Weld- 
ing Transformers. 

Jan. 28th—Stuart Rockafellow, 
Robotron Corp. Electronic Con- 
trol Equipment for Resistance Wel- 
ders. 

A $10 tuition fee includes at- 
tendance at all 12 sessions and a 
copy of the RWMA Resistance 
Welding Manual, Volume 1, which 
is used as the text. 

Different displays of welded sam- 
ples are set up for each session for 
examination during the refreshment 
period. 

All meetings are held in the Audi- 
torium of the Frigidaire Division 
GMC with use of the facilities do- 
nated by the company. 

A set of 100 slides was made 
by the Dayton Section Educational 
Committee headed by S. Schneider, 
Frigidaire, for use as_ visual 
aids during the sessions. All ses- 
sions are being tape recorded and 
tapes will be made available to 
AWS national headquarters. 


ALUMINUM FABRICATION 


Alliance, Ohio.—The October 
meeting of the Stark Central Section 
was held on October 8th at the 
Elk’s Club in Alliance. Dana V. 
Wilcox, welding engineer of the 
Reynolds Metals Co. of Richmond, 
Va., was the guest speaker. Sixty- 
five members and guests were pres- 
ent to hear Mr. Wilcox describe in 
picture the welding, cutting and gen- 
eral fabrication of aluminum. 

Deep-water structural towers and 
aluminum crane structure were the 
spectaculars of the evening. 


How X-Ray Quality Welds Make 
Low Alloy Steels tonéed Off 


Job report courtesy of 
Superior Tank & Construction Co., Los Angeles, Calif. 


LOW HYDROGEN ELECTRODES 


The vessel being welded is part of an L.P.G. tank truck. For high 
strength with low weight—USS “T-1’’ steel is used and welded 
with Arcos Ductilend 110 Electrodes. These tanks meet or exceed 
ASME code requirements... and all Ductilend 110 welds qualify 
with X-ray soundness. Ductilend 110 is an Arcos Low Hydrogen 
Electrode especially developed for welding high strength notch 
tough steels of the 110,000 psi tensile strength range. Data sheet 
on request. ARCOS CORPORATION + 1500 South 50th Street, 
Philadelphia 43, Pa. 


For details, circle No. 29 on Reader Information Card 
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METAL FABRICATION DISCUSSED BY LINCOLN 


James F. Lincoln spoke on how to meet today’s needs in metal fabrication at the October 


6th meeting of Lehigh Valley Section. 


Left to right are E. E. Goehringer, District No. 2 


director; L. R. Constantine, Section vice-chairman; Mr. Lincoln; D. C. Jensen, Section 


chairman 
Oklahoma 

INERT-GAS WELDING 
Oklahoma City, Okla.—The 


Oklahoma City Section met for din- 
ner and meeting on November 12th 
at the Dodson Reding Cafeteria. 
The scheduled speaker, J. W. 
Cunningham, was unable to be pres- 
ent due to illness. H. M. Davis, 
also of the Air Reduction Sales 
Co., New York City, took his place 
as speaker and gave a very interest- 
ing talk on “New Developments 
and Developments of Inert Gas 
Welding.”” Mr. Davis showed 
slides of different types of produc- 
tion welding by the inert-gas weld- 
ing process. . 


ALUMINUM WELDING 


Portland, Ore.—The Portland 
Section had the pleasure of having 
President G. O. Hoglund at its 
October 16th meeting. Mr. Hog- 
lund was greeted by an extra large 
attendance. He spoke on the AWS 
activities and on the advantages 
realized by welding instead of rivet- 
ing bridges. 

P. B. Dickerson, Alcoa welding 
research engineer, gave an excellent 
narration on slides explaining the 
technical points of aluminum weld- 
ing. 

The meeting was held at the New 
Heathman Hotel. 


RECEIVE TRAINING SERVICES CERTIFICATE 


One of the features of the October 21st meeting of the Olean-Bradford Section was the 
presentation of certificates to 17 Clark Bros. Co. employees who had successfully com- 
pleted a National Technical Training Services Course in the field of welding. Fifteen of 
those honored are shown above 
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Portland, Ore.—William Rice, 
welding consultant for Electric Steel 
Foundry Co., Portland, was the 
guest speaker at the November 11th 
meeting of the Portland Section, 
held at the New Heathman Hotel. 

Dr. Rice explained some of the 
effects of corrosion on various types 
of stainless steel, and told the group 
of many of the welding problems 
encountered. 


Pennsylvania 


WELDED DESIGN 


Allentown, Pa.—James F. Lin- 
coln, chairman of the Board of the 
Lincoln Electric Co., Cleveland, 
Ohio, was the speaker at the Octo- 
ber 6th meeting of the Lehigh Valley 
Section held in Walp’s Restaurant 
in Allentown. 

Mr. Lincoln stated that welded 
connections are subjected to many 
tests that bolted and riveted joints 
are not required toundergo. These 
tests increase the cost of welding 
and also cause suspicion of welded 
construction. This suspicion, in 
turn, restricts the greater applica- 
tion and use of welding. 

Custom and lack of engineering 
know-how has held up the replace- 
ment of castings by welding. Weld- 
ing would reduce the cost one-half 
and lead to a stronger product than 
castings. Engineers should design 
and manufacture weldments as 
weldments instead of attempting to 
make them look like a casting. Mr. 
Lincoln told the audience that it is 
the responsibility of engineers to 
bring welding to its rightful place 
in our economy. 

During the question-and-answer 
period, Mr. Lincoln talked briefly 
about his favorite subject, ‘“‘Incen- 
tive System at Lincoln Electric.” 

The coffee speaker was Wallace 
L. Davis who gave an amateur 
astronomer’s observations about the 
planets and space. 


WELDING DISSIMILAR METALS 


Erie, Pa.—The Northwestern 
Pennsylvania Section met on Octo- 
ber 14th at the GE Community 
Center in Erie. 

Featured speaker was L. M. 
Petryck of the Development and 
Research Division of the Inter- 
national Nickel Co., Inc., who de- 
livered a talk entitled ‘“The Weld- 
ing of Dissimilar Metals and Weld- 
ing of Cast and Ductile Irons.” 
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PHILADELPHIA SPEAKER 


The metallurgy of ferrous welding was the 
topic discussed by D. W. Doty at the 
October 20th meeting of the Philadelphia 
Section 


In his talk, Mr. Petryck outlined 
and discussed important factors 
that must be considered for the 
achievement of a good quality weld 
in day-to-day production. He de- 
scribed why the joining of dissimilar 
metals demands the use of a filler 
material which is compatible to both 
joint members, and why this same 
filler material, in order to counter- 
act dilution effects, must be richer 
in critical alloying elements than 
the wrought materials. Among the 
slides which Mr. Petryck used to 
illustrate his talk was one of a 
schematic dissimilar metals test 
weld joint which should be made to 


insure proper selection of filler 
material for the intended weld 
joint. 

WELDING OF ALUMINUM 


Bradford, Pa.—A regular tech- 
nical meeting of the Olean-Bradford 
Section was held at the Emery 
Hotel, Bradford, Pa., on October 
21st. Before the technical address, 
a group of 17 Clark Bros. Co. 
employees, who had _ successfully 
completed the National Technical 
Training Service Course—‘‘Weld- 
ing Fundamentals, Principles and 
Practices’’—-were presented certifi- 
cates. Eric Taylor, director of 
NTTS lauded Dan O’Donnell, 
Clark’s Director of Training, and 
James Matheny, welding engineer, 
for coordinating the correspondence 
lessons with supplemental study 
group meetings where applicable 
films and slides were shown and dis- 
cussions were held on welding pro- 
cessing, materials, metallurgy, pro- 
duction methods and inspection. 

Joseph J. Rosecky, vice-president 
in charge of operations at Clark 
Bros., presented the certificates and 


congratulated each man on his 
achievement. 

William M. Rogerson, welding 
engineer with the Aluminum Com- 
pany of America Products Develop- 
ment Laboratory in New Kensing- 
ton, Pa., addressed the group on 
“Welding of Aluminum and the 
Performance of Welded Aluminum 
Assemblies” which proved most in- 
teresting and informative. After 
quickly reviewing the discovery of 
aluminum, early processing and 
yearly production, he dwelt at 
greater length on the “oxygen- 
affinity”’ peculiarity of the metal, 
various welding processes, physical 
properties of various alloys, applica- 
tions of the various alloys and de- 
structive testing in the laboratory. 
The talk was illustrated with an 
excellent set of slides and many 
welded specimens. 


WELDING METALLURGY 


Philadelphia, Pa.—The regular 
monthly dinner meeting of the 
Philadelphia Section was held on 
October 20th at the Engineers’ Club 
with an attendance of 75 members 
and guests. 


Technical speaker was W. D. 


Doty of the Applied Research Lab- 
oratory of United States Steel 
Corp. at Monroeville, Pa. Dr. 
Doty reviewed the major welding 
processes and the factors important 
to the weldability of steel. He also 
discussed methods of evaluating 
weldability of steel and the develop- 
ment of a new high-yield-strength 
alloy steel for welded structures. 


PANEL DISCUSSION 


Philadelphia, Pa.—On Novem- 
ber 7th, the Philadelphia Section 
held a very successful panel dis- 
cussion on ‘Metal Spraying.” 
Equipment, application and 
methods were well covered in the 
field of metal spraying. The audi- 
ence showed a keen interest and it 
became quite apparent that metal 
spraying is being used to a much 
greater extent than many people 
realize. The success of the applica- 
tion was demonstrated very well. 

The discussion period, which was 
handled by A. G. Ford of Atlantic 
Refining Co., provoked numerous 
and lengthy comments. 

One interesting bit of information 
brought out was the fact that Eng- 
land and Canada do much more 


Ask your welding supply 


dealer or write for addi- 
tional information. 


FOR ALL ARC WELDING 
RECOMMEND THE BEST 
INSIST ON 


LENCO, inc. 


JACKSON, MISSOURI 


For details, circle No. 31 on Reader Information Card 
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metal spraying than we do in the 
United States. It was pointed out 
that some of this was due to the 
fact that many spare parts are not 
easily obtained in these countries, 
therefore making it more economical 
to salvage by metal spraying. 

The panelists were Harvey S. 
Miller, general manager, New Eng- 
land Hard Facing Co.; C. J. O’- 
Boyle, eastern’ district megr., 
Metallizing Eng. Co.; and E. J. 
Lell, vice-president, Wall Colmonoy 
Corp. 

The meeting took place in the 
Junior Conference Room of the 
Engineers’ Club. 


BRAZING TECHNIQUES 


Pittsburgh, Pa.—-Seventy-seven 
members and guests of the Pitts- 
burgh Section met on October 15th 
in the auditorium of the Mellon 
Institute of Industrial Research to 
hear Donald C. Herrschaft, en- 
gineer, Brazing Products Division, 
Handy & Harman, New York, talk 
on “Modern Techniques in Braz- 
ing.” 

Mr. Herrschaft’s talk covered the 
story of how brazing is solving a 
variety of problems in both the low- 
and elevated-temperature fields and 
concluded with predictions of things 
to come for further penetration of 
the thermal barrier. 


ARC WELDING 


Johnstown, Pa.—The  Pitts- 
burgh-Johnstown Sub-Section held 
a dinner meeting on November 4th 
in the V. F. W. Post No. 155 in 
Johnstown. 

Scheduled speakers were D. H. 
Marlin, research engineer for the 
Dravo Corp., and William H. Kauff- 
man, manager of welding for Wil- 
liams & Co., both of Pittsburgh. 
Subject of the meeting was “‘Man- 
ual Metal-Arc Welding.’ Slides 
were used to illustrate the discus- 
sion. A lengthy question-and-an- 
swer period followed. 

This was the second meeting 
presented before the proposed 
Johnstown area sub-section and 
it was enthusiastically received. 
Considerable interest is manifested 
by those attending meetings in 
Johnstown and it may well lead to 
the establishing of a new section. 


Rhode Island 


STRUCTURAL WELDING 


Providence, I.- -The Provi- 
dence Section, in addition to its 
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METAL SPRAYING IS DISCUSSED BY PANEL 


A panel consisting, left to right, of Harvey S. Miller, E. J. Lelland C. J. O’Boyle covered the 
field of metal spraying at the November 7th meeting of Philadelphia Section 


regular monthly meeting programs, 
has co-sponsored with the American 
Society of Civil Engineers, an 
Educational Lecture Program con- 
sisting of five lectures on “Better 
Design and Greater Economies 
Through Welding of Steel Struc- 
tures.”’ 

The following subjects and speak- 
ers were involved in this program: 
“‘Bridges,”” Omer Blodgett, Lincoln 
Electric Co.; “Structural Steel,” 
C. L. Kreidler, Lehigh Structural 
Steel Co.; ‘Pressure Vessels and 
Piping,”” R. Lorentz, Jr., Combus- 
tion Engineering, Inc.; ‘‘Materials 
and Welding Processes Applicable 
to Steel Structures,”’ L. Christensen, 
Chicago Bridge & Iron Co.; ‘‘Eco- 
nomics as Affected by Joint Design, 
Equipment, Location, Codes and 
Inspection Practice,” Van Rens- 
selaer P. Saxe, consulting engineer. 

The lectures began on Wednes- 
day, November 5th, and finished on 


— > 


Wednesday, December 3rd. They 
were held in the Journal-Bulletin 
Auditorium in Providence. 


Texas 


INERT-GAS WELDING 


Dallas, Tex.—Sixty-eight mem- 
bers and guests of the North Texas 
Section met at the Glasshouse 
Restaurant on the Dallas-Fort 
Worth Turnpike on Tuesday, Nov- 
ember 11th, for their regular month- 
ly meeting. An excellent dinner 
followed a social half-hour. 

Everyone present enjoyed a talk 
by the guest speaker for the evening, 
Harold Davis of Air Reduction 
Sales Co., New York. His topic, 
‘“‘New Developments in Inert-Gas 
Welding,” covered the evolution of 
the inert-gas welding processes and 
included some glimpses of things to 


PITTSBURGH SECTION HEARS TALK ON BRAZING 


Those present at the October 15th meeting of the Pittsburgh Section heard D. C. Herr- 
schaft explain the modern techniques in brazing. Left to right are H. B. Child, technical 
representative; R. L. Nourie, educational activities; H. E. Cable, Section chairman, and 


Guest Speaker Herrschaft 


; 
La 


NORTH TEXAS SECTION ADDRESSED ON INERT-GAS WELDING 


A large attendance was on hand at the November 11th meeting of the North Texas Sec- 
tion to hear Harold Davis speak on the new developments in the field of inert-gas 


welding 


Section Chairman Seth Jenkins welcomes 
the guest speaker, Mr. Davis, and intro- 
duces him to the audience 


come in this field. Mr. Davis illus- 
trated his talk with a series of 
slides showing applications of the 
processes. 

A sober note was introduced by 
Seth Jenkins who announced that 
he was resigning as chairman of the 
Section, since he was leaving the 
area to accept a position in Califor- 
nia. Albert Bernson, new chair- 
man of the Section, expressed the 
feelings of everyone present in 
wishing Mr. Jenkins success in his 
new position. 


WELDING OF PIPE 


San Antonio, Tex. The 
November 3rd meeting of the San 
Antonio Section was held at Young- 
blood’s Chicken Shack. 

The guest speaker was Glen E. 
Neidert, sales engineer for the Lone 
Star Steel Co. of Dallas. He 
showed a dramatic new color film 
entitled ““Command Performance.” 


It is a highly informative film, rang- 
ing from the processing and smelt- 
ing of East Texas iron ore, coking 
of coal, production of cast-iron pipe, 
the making of steel in open-hearth 
furnaces, the rolling of steel to the 
manufacture of highest-quality elec- 
tric-weld steel pipe. 

The membership chairman, Fred 
Smith, was the coffee speaker. He 
paid tribute to the members respon- 
sible for bringing in 11 new members 
this past month. 

It was an enjoyable evening for 
the 56 members and 8 guests who 
attended the meeting. 


WELDED DESIGN 


Madison, Wis..-A meeting of 
the Madison Section was held on 
October 16th in conjunction with 


REID ADDRESSES MILWAUKEE SECTION 


Harry F. Reid, Jr., addressing Milwaukee Section on development of arc-welding elec- 


trodes. 
Members Yost Smith and D. C. Smith 


Interested listeners are, left to right, Section Chairman Bob Keller and Board 


an Engineering Institute held at 
the University of Wisconsin. The 
Institute, entitled, ‘‘Pressure-Pipe 
and Pressure-Vessel Welding, Codes 
and Certification,” was held Octo- 
ber 16th and 17th. 

The Madison Section agenda in- 
cluded a dinner at the Madison 
Eagles Club, followed by coffee 
speaker, Donald Norbert, instructor 
at the University of Wisconsin. 

Mr. Norbert’s speech, ““My Coin 
Collecting Hobby,” included slides 
illustrating coins in his collection. 

Technical speaker for the evening 
was Ted Jefferson, editor and pub- 
lisher of the Welding Engineer. 
The topic for the evening was 
“Design for Welding.”” Mr. Jeffer- 
son brought forth and explained 
many interesting essentials’ in 
welded design. 

The meeting concluded with the 
awarding of door prizes. 


WELDING ELECTRODES 


Milwaukee, Wis.—The Milwau- 
kee Section met for dinner and a 
meeting on November 14th at the 
Ambassador Hotel. 

A very entertaining and informa- 
tive talk was given by Police 
Chief Howard O. Johnson on “‘Civic 
Service of Our Milwaukee Police 
Department.” 

Following Chief Johnson’s talk, 
Harry F. Reid, Jr., manager of 
the Technical Service Division of 
the McKay Co., gave a very inter- 
esting talk on the development of 
arc-welding electrodes. Mr. Reid’s 
discussion included the history of 
arc-welding electrodes from the bare 
electrode days on through the 
present-day developments. His 
talk was supplemented with slides 
to explain the whys and wherefors 
of the progress and developments. 
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ANTHONY WAYNE 
Culbertson, Vernon D. (B) 
Secor, Gordon (B) 

Tucker, Bob (B) 


ARIZONA 
Schwantes, Everett J. (B) 


BATON ROUGE 
Hanks, G. W. (B) 


BIRMINGHAM 


Clark, Albert J. (B) 
Jones, Russell E. (C) 


BOSTON 
Harwood, Alexander B. (B) 


CANADA 
Mason, C. L. (C) 


CAROLINA 


Davis, Daniel Wilborn, Jr. (C) 
Wiggs, John Russell, Jr. (C) 


CHICAGO 


Dunne, John J. (B) 
Fuhrmark, G. A. (B) 
Lavery, James P. (B) 
Nosek, William (B) 
Pytel, Leo J. (B) 

Sessler, George (B) 
Surane, Joseph E. (C) 
Thuerbach, Robert L. (B) 


CINCINNATI 
Boster, Robert E. (C) 


CLEVELAND 


Cotesworth, Harry A. (B) 
Goldsmith, Robert (B) 
Hiler, John A. (B) 
Humphreys, Robert B. (B) 
Minch, Raymond L. (B) 
Young, Edward S. (B) 


COLUMBUS 


Dent, Paul (D) 

Payne, Kenneth W., Jr. (D) 
Saeger, Fritz, Jr. (D) 
Silver, David P. (D) 


DAYTON 


Ferris, Thomas E. (C) 
Scott, Preston L. (C) 

Shroyer, Irving H. (C) 
Willi: ms, Dean C. (C) 


DETROIT 


Blunder, D. Jack (C) 
Hoss, Warren A. (B) 
Margitan, Earl (B) 
MeMath, Francis C. (C) 
Rogel, Alfred O. (C) 
Schattel, K. F. (C) 
Stonage, Richard S. (C) 


74 | JANUARY 1959 


Members 


EFFECTIVE NOVEMBER 1, 1958 
MEMBERSHIP CLASSIFICATION 
A—Sustaining Member B—Member 
C—Associate Member D—Student Member 
E—Honorary Member F—Life Member 
FOX VALLEY TOTAL NATIONAL MEMBERSHIP 
Balmer, Edward B. (C) 210 
Rau, I. Gilbert, Jr. (B) 
Whitney, Burton O. (B) 12.210 
HOUSTON 
Drury, Baxter B., III (B) Support Your Society—Be Active! 
Hennings, George F. (B) 
Hinsley, Robert B. (D) 
Sorenson, Robert B. (C) 
Thompson, Victor H., Jr. (C) 
MICHIANA Croley, C. J. (C) 
Curtis, Glen Russell (B) Johnson, Harold E. (C) pea gg a 
Horrigan, Daniel E. (B) Totzke, Harvey (B) pwith, R. F. (B) 
Yike, Floyd (C) Stewart, J. Roy (C) 
1OWA Stewart, John H. 
MILWAUKEE Tankersley, T. B. (C) 
K , Theod L. (B 
Sion acs H. (C) (B) Behling, Lawrence (B) Wyatt, Norman R. (C) 
Anderson, Ritschel P. Thompson, Walter A. (C) 
McCall, Ernest L. (B) NEW HAMPSHIRE NORTHERN NEW YORK 
Sumter, Melvin C. (B) Buckley, Raymond (B) Owezarski, William A. (C) 


Wellis, Raymond John (C) 
OKLAHOMA CITY 
Fowler, Johnnie S. (C) 


LEHIGH VALLEY 

Hollich, Emory, Jr. (B) 
Klingaman, Richard M. (B) 
Paholka, Peter (B) 


NEW JERSEY 


Boyer, Charles S. (C) 
Catrambone, Nicholas S. (C) 


s Deveau, Ulysses A. (C) PEORIA 
Szynkiewicz, Anthony J. (B) Hunerlage, Heinrich (C) acta Donald R (C) 
LONG BEACH Kovaric, Richard M. (B) Reis. Victor A. (C) 
i Leinweber, Leon C. (C) Stone Harold C. (C) 
Jones, Wilson B. (B) Lowrie, George E. (C) ’ . ) 
LONG ISLAND Schade, Roland C. (C) PHILADELPHIA 
Bruck, A. A., Jr. (B) 
Thomas, John W. (C) NEW ORLEANS , 
Van Sise, Arnold (C) Marsh, Monroe (C) Hurleman, Walter A. (C) 
GR Monte, John H. (B) 
B 
LOS ANGELES Richard, William C. (B) hare 
Fancher, Raymond (C) Starr, Thomas J. (B) . 
—- Edward Daniel NEW YORK PITTSBURGH 
\ eat 3 Bauer, Ronald L. (C) 
Jameson, William B. (B) Cordovi, Marcel A. (B) Baht, Gopal K. (B) 
Mendenhall, Perry E. (C) Farb, Daniel (C) Buehrig, Albert A. (B) 
Miller, James A. (C) Monteith, James S. (C) Burnfield, Jesse (C) 
Zawolkow, David A. (C) Schier, Oscar Bernhardt, II Cyphers, Charles D., Jr. (C) 
LOUISVILLE (B) Fugate, David M. (B) 
NIAGARA FRONTIER Graff, Owen (B) 
Davis, W. M. (B) : . Hartsorn, Fred W. (B) 
Harrington, Howard F., Jr. Churchill, David L. (C) Howard, Robert W. (C) 
(C) Hughes, David E. (B) Jack, Harry (B) 
Hassler, Joseph E. (B) Stock, Samuel A. (C) Kemple, Albert P. (B) 
:, Ralph (B 
MARYLAND NORTH CENTRAL OHIO Walter 
Chihoski, Russell A. (B) Blair, Glen F., Sr. (C) Morris, G. Dale (C) 
Cook, James Bowling (C) Blood, John D. (C) Sismondo, Louis J. (B) 
Davison, Donald H. (C) Gillett, Leslie E. (C) Smitson, Harrison Adam, Jr. 
Grasmehr, John L. (C) (C) 
Warren, Charles H. (B) NORTH TEXAS Titzel, William J. (B) 
Wright, Ernest E., Jr. (C) Bolton, Victor L. (C) Watt, Robert L. (B) 
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PORTLAND 


Bong, Fred H. (B) 
Sargent, William E. (C) 


PROVIDENCE 
Johansen, John B. (C) 
PUGET SOUND 


Burgess, Martin L. (C) 
Johanson, Soren R. (C) 
Johnson, Orres Arthur (B) 
Scott, James E. (C) 


RICHMOND 
Spangler, Arno E. (B) 
ROCHESTER 


Clelland, Frederick W. (C) 


Darling, Russell W. (C) 
Frazier, Charles W. (B) 


SAGINAW VALLEY 
Stark, George R. (C) 
ST. LOUIS 


Leonard, Paul J. (A) 
Meyerson, Milton E. (B) 
Pogorzelski, Frank S. (B) 


SALT LAKE CITY 


Bench, Frank K. (D) 
Capener, Lamar (D) 
Coon, Gus (D) 
Crawford, Russell (D) 
Erickson, Richard B. (D) 
France, Edward L. (B) 
Hansen, Leon (D) 
Holyoak, Alvie L. (D) 
Johnson, Marlin D. (D) 
Melcomian, Kech (D) 
Olsen, Dee L. (D) 
Siemion, Steve (D) 
Smith, Thomas E. (D) 
Stucki, Nolan D. (D) 
Willie, Reed W. (D) 
Woodruff, Dale M. (D) 


SAN ANTONIO 


Adams, G. W. (C) 
Ewing, Josh F., Jr. (C) 
Goode, Harry E. (C) 
Longoria, Joe (D) 
Moylan, Robert E. (C) 
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Ortiz, Carlos (D) 
Pfeil, Rueben (C) 
Ramirez, Joe H. (C) 
Silva, Joe V. (D) 
Smith, David R. (C) 
Weir, H. R. (B) 
SAN FRANCISCO 


Carlson, Conrad (C) 
Flanders, John E. (B) 
Palmer, Roy H. (C) 
Van Slyke, H. O. (C) 
Viri, Donald P. (C) 


SOUTH FLORIDA 


Hughes, James T. (C) 
Rishel, Charles B. (B) 


SUSQUEHANNA VALLEY 
Bunn, Richard L. (B) 
SYRACUSE 

Jones, Harold C. (C) 
TOLEDO 

Clark, Reynolds (C) 
WICHITA 


Boring, Herschel O. (C) 
Newkirk, Ralph L. (C) 
Teel, C. W. (C) 


YORK-CENTRAL PA. 


Meyers, Clarence A. (C) 
Rex, Fred J., Jr. (C) 


MEMBERS NOT IN SECTIONS 
Alleman, Cyrus Earl, Jr. (C) 


D’ Antoni, Giuseppe (A 


Marriot, James Bruce (C) 


Minuto, Consolato (B) 


Members Reclassified during the 


month of November 
CLEVELAND 


Blodgett, Omer W. (C to B) 


HARTFORD 


Phillimore, Horace (C to B) 


LEHIGH VALLEY 


Dunn, Charles W. (C to B) 


Designed to carry the high currents necessary for intense heat, 
BBB Keen-Arc Carbor produce a fine-grained weld of high 
tensile strength. They give a smooth, steady “flowing” flame 
which does not wander and which is concentrated at the desired 
focal point. Flame temperature is easily and accurately ad- 
justed by merely changing the ampere input, and heavy copper 
coating permits gripping at extreme ends—eliminates frequent 
and periodic resetting. 

A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
and graphite electrodes, carbon rods and plates, welding paste, etc. 

Write for catalog 59-7. 


BECKER BROTHERS CARBON CO. 


3450 South 52nd Ave. Cicero 50. Illinois 


For details, circle Ne. 63 on Reader Information Card 


NORTH CENTRAL OHIO SAGINAW VALLEY 


McDonald, Solon (C to B) Engle, Thomas (C to B) 
PHILADELPHIA Hunt, Wayne L. (C to B) 


Joseph, Edwin R. (B to A) 
SAGAMON VALLEY 


PITTSBURGH Lynch, James D. (C to B) 
Kaltenhauser, Robert H. (C Mello, Francis R. (C to B) 
to B) 


RICHMOND 
Wilcox, D. V. (C to B) 


SYRACUSE 
Mills, Loring E. (C to B) 


Conveyor oven designed to bake special flux coat- 
ings on various diameter and length welding rods for 
large midwest manufacturer. Recent changes in rod 
alloy have caused additional higher than previous, 
Unit embodies 
two independently operated gas fired ovens for 


oven temperatures to b« required. 


operation to 1000°F. Ovens have two passes each 
and a fifth pass for cooling before packaging. Com- 
plete ovens, including humidity, temperature and 


safety controls are engineered at 


STEINER-IVES COMPANY 
Springfield Road . . . . Union, N. J. 


For details, circle No. 33 on Reader Information Card 
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Machine Design Competition 
Open to Authors 


Fifty-four awards totaling $50,000 
will be offered to the winning authors 
in the machine design competition, 
sponsored by The James F. Lincoln 
Arc Welding Foundation of Cleve- 
land, Ohio. The purpose of the 
competition is to encourage papers 
describing the use and advantages 
of arc welding in the design and con- 
struction of machines or machine 
components. A top award of $10,- 
000 is given to the author or authors 
of the best paper. 

Papers may describe how a ma- 
chine is improved or reduced in cost 
through the redesign of a casting toa 
weldment, the redesign of an exist- 
ing weldment or the design of a new 
weldment. Weldments used in 
practically every type of industrial 
machinery are eligible. The com- 
petition is open to all persons in the 
United States or its possessions. 
Interested authors are urged to 
write to The James F. Lincoln Arc 
Welding Foundation, Cleveland 17, 
Ohio, to obtain their copy of the 
rules booklet. 


Seven Miles of Welding Per Day 
at Pullman-Standard Car 


Mass production of 462 railroad 
flat cars, 85 ft each in length, began 
at the Butler, Pa. plant of Pullman- 
Standard Car Mfg. Co. in Novem- 
ber. The entire welding unit, with 
its extending 385-ft jig, employs 20 
welding heads designed to accom- 
plish ten welds simultaneously. 
Each weld is approximtely 85 ft in 
length. With 3000 ft of welding 
contained in the new flat cars, Pull- 
man-Standard will deposit 36,000 ft, 
or nearly seven miles of welding per 
day, at an over-all rate of twelve 
cars per day. 

According to a statement by J. 
W. Scallan, president of Pullman- 
Standard, “This new flat car pro- 
duction line involves a considerable 
initial investment by our company, 
but we believe that the outlay is 
necessary and definitely worth while. 
It will enable us to mass-produce 
the new flat car at the lowest possi- 
ble cost and permit us to control the 
quality of production through the 
optimum use of automatic welding.” 

The new flat cars will carry two 


¥. 


The largest automatic submerged-arc welding installation ever developed for a single 
welding operation has been installed at the Butler, Pa. plant of Pullman Standard Mfg. 
Co. The machine and the extending jig are used for mass production of 85-ft flat cars 


for railroad ‘‘piggy-back"’ service 
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COMING 
EVENTS 


A Calendar of Welding Activity 


AWS National Meetings 


40th Annual Meeting and Seventh 
Welding Show: 

April 6-10, 1959. Hotel Sherman, 
Chicago, II. 

1959 National Fall Meeting: 
September 28—October 1. Shera- 
ton Cadillac Hotel, Detroit, Mich. 


41st Annual Meeting and Eighth 
Welding Show: 

April 25-29, 1960. Biltmore Ho- 
tel, Los Angeles, Calif. 


NEMA 


January 26-29, 1959. Plant Main- 
tenance and Engineering Show. 
Cleveland Public Auditorium. 
March 12, 1959. Arc Welding 
Section Quarterly Meeting, Pitts- 
burgh. 

Midwest Welding Conference 

January 28-29, 1959. Illinois In- 

stitute of Technology, Chicago. 

Sponsored by Armour Research 

Foundation and AWS Chicago 

Section. 


IAA 


March 9-11, 1959. Annual Meet- 
ing. Roosevelt Hotel, New Or- 
leans, La. 


Western Metals Exposition 


March 16-20, 1959. Pan-Pacific 
Auditorium and Ambassador 
Hotel. Los Angeles, Calif. 


4 

i 
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65,000-lb trailers, yet maintain the 
use of only one 6- x 11-ft journal. 
The design itself is based on the use 
of a built-up center sill and an 85-ft 
long deck plate which extends the 
full length of the car. This same 
deck plate also serves as the top 
cover for the center sill, the bolster 
and the draft sill. Cross members 
are butt welded to the side sills. 
Stringer channels are welded to the 
deck plate, forming a box section, 
and are continuous from bolster to 
bolster. 


Linde to Build Another 
Oxygen Plant 


According to W. M. Haile, Linde’s 
president, the company will build 
and operate a 130-ton a day oxygen 
plant for the Middletown, Ohio, 


works of Armco Steel Corp. on 
property leased from Armco. 

All of the oxygen from the unit 
will be high-purity gas, piped to 
various locations at Armco’s Middle- 
town Works. A sizable volume of 
the oxygen is slated for enrichment 
of open-hearth furnace air. Steel 
conditioning, scrap cutting, main- 
tenance and other general steel 
mill requirements will take the 
balance of the gas. 

Thus far in 1958 Linde has an- 
nounced the start-up of eleven on- 
site oxygen plants with a combined 
oxygen-making capacity of approxi- 
mately 1100 tons per day. These 
plants are similar in operation, but 
not necessarily in size, to the 
Middletown plant. Armco is al- 
ready receiving oxygen at its Ash- 
land, Ky., works from Linde’s new 
115-ton-per day on-site plant. 


Apprentice Training Program Held 


Once again welding played an 
important role in the fifth annual 
seminar of the United Association 
of Journeymen and Apprentices of 
the plumbing and pipe-fitting in- 
dustry held at Purdue University 
during the week of August 11th. 
Eighty-seven apprentices entered a 
welding contest, while 300 instruc- 
tors attended week-long sessions 
designed to acquaint them with 
modern teaching techniques. One 
hundred and twenty visitors also 
attended. 

Apprentices were judged on such 
applications as oxygen cutting steel 
pipe, butt welding steel pipe and 
silver brazing joints on copper and 
brass pipe. The instructors’ sem- 
inar was held concurrently with the 
apprentice contest and, since the 
instructors had as students the 
apprentice contestants throughout 
the week, corrections of teaching 


at 


Purdue 


techniques were made on the scene. 

The AMERICAN WELDING So- 
CIETY, having been invited to assist 
in the Purdue program, supplied 
seven members of its Apprentice 
Training Committee to serve as 
supervisory instructors. Larry Ash 
and S. J. Marinello conducted ses- 
sions on “how to teach covered- 
electrode arc welding.”” Jim How- 
ery specialized in oxyacetylene weld- 
ing, while Ralph Minga supervised 
inert-gas-shielded arc welding. Ele- 
mentary welding was taught by 
H. A. Sosnin, and R. A. Fogarty 
covered elementary pipe welding. 
James A. Mehaffey was in charge 
of brazing. 

The great interest in the program 
was evidenced by the high attend- 
ance of 507, compared with the 
50 men who enrolled for the first 
seminar in 1954. 


Instructor's brazing technique is transmitted to nearby television screen. 


Apprentices 


at the Purdue seminar observed without any obstructions 


PLAST-IRON 


GRADE B-171 


9 Bridge Street 


For details, circle Ne. 35 om Reader information Card 
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Haynes Stellite to Produce 
Two New Alloys 


Haynes Stellite Co., Division of 
Union Carbide Corp., Kokomo, 
Ind., announced recently that nego- 
tiations have been completed for the 
licensing of the company to produce 
two alloys, to be designated alloy 
713-C and alloy 500. These alloys 
will be sold under the trade-mark 
“Haynes,” and ‘“Hastelloy,”’ i.e., 
“Haynes” alloy No. 713-C and 
“Hastelloy”’ alloy 500. 

Alloy 713-C is a_ nickel-base, 
investment-casting alloy, developed 
by the International Nickel Co., 
and marketed by that company as 
“Inconel”’ 713-C alloy. 

Alloy 500 was developed by Utica 
Metals Division of Kelsey-Hayes 
Co., primarily for use as a high- 
temperature material, and is mar- 
keted by that company as “‘Udimet”’ 
500 alloy. It is available in both 
wrought and cast forms. 


Fibre-Metal Midwest to 
Represent Glendale Optical 
Glendale Optical Co., Inc. of 


Valley Stream, N. Y., announces the 
appointment of Fibre-Metal Mid- 


Support Your Society... 
Be Active 


west Inc., 7412 South Harlem Ave., 
Bridgeview, Ill., as an exclusive 
warehouse distributor to service 
dealers in Michigan, Illinois, Wis- 
consin, Minnesota, lowa, Nebraska, 
North Dakota, South Dakota, Mon- 
tana, Wyoming and Lake County, 
Ind. 

Fibre-Metal Midwest, with Fred 
Bowers as general manager, is the 
fourth warehouse distributor ap- 
pointed by Glendale during 1958, 
making a total of eight warehouses 
in operation in the United States, 
Canada and Mexico. 


South Carolina Firm 
to Represent Alloy Rods 


Alloy Rods Co., York, Pa., has 
announced the appointment of In- 
dustrial Welding Supplies, Inc., 980 
Morrison Drive, Charleston, S.C., 
as a distributor to handle the com- 
pany’s line of welding electrodes and 
hard-surfacing materials. 


NATIONAL CARBIDE 


HIGHEST 
QUALITY 


DUST FREE 


DEPENDABLE 
SUPPLY 


Write for the name and address 


of the NATIONAL CARBIDE supplier nearest you. 

National Carbide Company 

A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 

GENERAL OFFICES: 150 EAST 42ND STREET, TIEW YORK 17, N. Y. 

AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT 
For details, circle No. 37 on Reader information Card 
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Stud-Welding Award 
Won by Chapman 


A member of the Civil Engineer- 
ing department at London’s Im- 
perial College of Science and Tech- 
nology, John C. Chapman, was the 
recipient of the 1958 Gregory Award 
for “‘the year’s most outstanding 
contribution in the field of semi- 
automatic electric arc stud weld- 
ing.” The $1500 award was pre- 
sented to Dr. Chapman at the an- 
nual Awards Luncheon of the Ameri- 
can Society for Metals in Cleve- 
land on October 28th. 


John C. Chapman (right), is shown 
accepting a certificate as winner of the 
$1500 Gregory Award from George E. 
Gregory (left). Robert C. Singleton looks 
on 


Dr. Chapman’s paper described 
the use of end-welded studs in con- 
nection with vibrating wire strain 
gages, as used to measure stresses in 
steel building members. The studs 
serve two purposes in the Chapman 
strain gage assembly. They trans- 
mit strain information to the strain 
gages, and they also secure the gages 
to the steel assembly structure. 

Advantages claimed by Dr. Chap- 
man for the studs included faster 
assembly of the apparatus, the 
elimination of drilling and tapping, 
and greater accuracy of the gages. 
compared with former installation 
methods. 

The award competition is spon- 
sored by Gregory Industries, Inc., 
in cooperation with the ASM. 


Eutectic Incorporates 
Chicago Distributor 


On November ist Eutectic Weld- 
ing Alloys Corp. incorporated its 
former distributor in the Chicago 
area, E. W. Sales & Welding Serv- 
ice, Inc., into the parent organ- 
ization. Now known as Eutectic 
Welding Alloys—Central Division, 
Inc., the new branch will continue 
to operate at 1652 E. 87th St. ad- 
dress with Les Soliday as manager. 
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Dana and Swan 
Given New Linde Posts 


Leo I. Dana has been appointed 


vice president—technology and 
David Swan vice president—re- 
search for Linde Co., division of 
Union Carbide Corp., it was an- 
nounced by William M. Haile, divi- 
sion president. Dr. Dana’s pri- 
mary responsibility will be to evalu- 
ate Linde’s technical program and 
Mr. Swan will be responsible for the 
research and development activities 
of Linde’s laboratories in Tona- 
wanda, N. Y., and Speedway, Ind. 
Dr. Dana has been with Linde 
since 1923 and a vice president of 
the company sincd 1951. He has 
had a distinguished career in the 
field of research. He was associ- 
ated with the first commercial 
production of polyethylene in the 
United States. He also directed 
the work that resulted in a safe and 
practical method of distributing 


large shipments of liquefied oxygen 
and nitrogen, that developed and 
perfected Prestone anti-freeze and 
its associated products, and that re- 
sulted in the adaptation of the syn- 
thetic crystal industry to our na- 
tional economy. 


For these ac- 


Leo |. Dana 


complishments he received the 
Schoeltlkopf Medal for 1947. 

Mr. Swan has been with Linde 
Co. since 1957 when he became 
director of research and develop- 
ment. Before that he was director 
of research for Electro Metallurgical 
Co., another division of the corpora- 
tion. Mr. Swan was responsible for 
the development of important proc- 
esses used in the metalworking field, 
including the ‘“Unionarc” and 
“‘Sigma’”’ welding processes, as well 
as for new processes for making 
titanium metal sponge, vanadium 
metal, tantalum and columbium 
metal, and a number of new high 
temperature alloys. Mr. Swan 
joined Union Carbide in 1946. 

Dr. Dana was graduated from 
MIT in 1917 with a B.S. degree; 
he received the degree of Ph.D. 
from Harvard University in 1922. 
Mr. Swan received the degree of 
B.S. Met. E. from RPI in 1940. 


Black Promoted 
by Republic Steel 


W. A. Black @®5 has been ap- 
pointed assistant director of re- 
search of Republic Steel Corp. in 
charge of all activities at the Electro- 
Mechanical Research Center at 221 
E. 131st St., Cleveland. 

Mr. Black is now chief engineer 
of the Steel and Tubes Division. 

He was graduated from Acadia 
University in Nova Scotia, and also 
studied at the University of Tor- 
onto, Case Institute of Technology 
and Temple University. Mr. Black 
joined Republic as a research engi- 
neer in 1929. In 1935 he was 
named chief electrical engineer of 
the Steel and Tubes Division. 

In 1954 he was awarded the Ameri- 
can Iron and Steel Institute Medal 
for a paper describing ‘Ultrasonic 
Testing of a Large Engine Crank- 
shaft.”” He is also a member of 
AISI, ASM, AISE, SNT, ASQC 
and AIME. 


David Swan 


ASA Appoints Menson 


J. L. Menson & Combustion 
Engineering, Inc., New York, has 
been appointed as a member of the 
Materials and Testing Standard 
Board of the American Standards 
Association. Other new members 
are F. W. Reinhart, S. A. Rosecrans 
and I. V. Williams. 


Lincoln Assigns Sales Engineers 


Eight sales engineers were re- 
cently transferred within the na- 
tional network of The Lincoln Elec- 
tric Co. Major changes involved 
David L. Stocks and Daniel E. 
Doudna @&s. Mr. Stocks was 
moved from Los Angeles to Fresno, 
Calif., while Mr. Doudna opened a 
new office in Rockville, Ill., trans- 
ferring from Chicago. Lincoln as- 
signed the following sales engineers 
to new areas: David E. Reader to 
Albany, N. Y.; Richard T. Schnei- 
der to Cleveland; Harold W. Leav- 
ens to Los Angeles; both Ronald 
Bauer 4/3 and Harrison A. Smitson 
AWS «to Pittsburgh; and David 
Nicholas to Toledo. 


Smith Promoted 
by Metal & Thermit 


Merritt L. Smith MS has been 
appointed to the post of director of 
advertising and publicity for Metal 
& Thermit Corp., H. E. Martin, 
president of the company, has an- 
nounced. 

In this position, Mr. Smith will 
have full responsibility for the 
operation of the company’s adver- 
tising department and advertising 
and publicity agencies, and will de- 
velop an expanding public relations 
program. 

Mr. Smith joined the Metal & 
Thermit organization in 1932 and in 
previous positions has been adver- 
tising manager, assistant sales man- 
ager, sales promotion manager and 
executive advisor. 


Merritt L. Smith 
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Handy & Harman Announces 
Four Personnel Changes 


Handy & Harman has made four 
significant personnel changes. 

E. Earle Tietz has been ap- 
pointed manager of marketing ser- 
vices. In this capacity he will 
assume responsibility for staff divi- 
sion functions—including advertis- 
ing, brazing and arts products, in- 
dustrial products, sales service and 
training. Mr. Tietz had previously 
been industrial products manager. 
He joined the company in 1950. 

Robert E. Burke has been named 
field sales manager, assuming re- 
sponsibility for Handy & Harman’s 
field sales organization. Mr. Burke 
had previously been New York Dis- 
trict sales manager. He joined the 
company in 1937. 

Clark P. Zitzmann WS has been 
named New York district sales 
manager; and William K. Honan 
WS has been appointed industrial 
products manager. Both men have 
been sales representatives for the 
company in the New York district 
for the past five years. 


NCG Name Five 
Division Managers 


Establishment of a new branch 
office in Tyler, Tex., and appoint- 
ment of five managers of company 
field offices has been announced by 
the National Cylinder Gas Division 
of Chemetron Corp. 

J. L. Adank, division president, 
said H. J. McMurtry has been 
named manager in Tyler, trans- 
ferring to his new position from 
Oklahoma City where he has been 
in sales work for the past two years. 
Address of the new Tyler office is 
825 Ferguson St. 

Mr. Adank also announced ap- 
pointments of Robert L. Kirkland 
as manager of the division’s district 
office in Shreveport, La., Vernon D. 
Prater as branch manager in Aug- 
usta, Ga., Edward D. Whitworth as 
manager of the division’s Charlotte, 
N. C. district office, and P. J. 
Chadwick as branch manager in 
Knoxville, Tenn. 

Mr. Kirkland was assistant dis- 
trict manager in the NCG Houston, 
Tex., office for the past two years 
and Mr. Prater has been a member 
of the firm’s field sales staff in 
Atlanta, Ga., since 1952. Mr. Whit- 
worth has been a member of the 
Charlotte sales staff since 1953 
while Mr. Chadwick has _ been 
employed in the NCG office in 
Chattanooga since joining the com- 
pany in the same year. 


WELDING 
ENGINEER 


Welding or Metallurgical Engineer inter- 
ested in welding and brazing research 
with at least a B.S. degree wanted for 
investigations into new and challenging 
areas. Unlimited opportunity will re- 
flect the ability of the applicant. 


This is @ permanent position in an or- 
ganization with a steady growth record. 
Direct and indirect benefits are most 
attractive, the working climate and staff 
associations are both stimulating and 

lly pl t. We are located 
in a Midwestern metropolitan area. 
Send complete resume to: 


Longdon, Rogers, Mundy Added 
to Nedco Staff 


Nedco Co., Waltham, Mass., 
places J. S. Longdon in charge of the 
Carolinas, Virginia, Maryland and 
the District of Columbia. H. M. 
“‘Buck”’ Rogers, will represent Nedco 
in Georgia and Florida, while 
Warren A. Mundy will head sales 
in Kansas, Nebraska, Iowa and part 
of Missouri. 


Positions Vacant 


V-366. Chief Metallurgist, Welding 
Engineer. $12—15,000. Graduate M.E.., 
with special training in metallurgy and 
welding, carbon and stainless steels; 
aluminum and copper and their alloys, 
with inert-gas welding, submerged arc, 
gas and arc welding and cutting. 
Know ASME and API codes for unfired 
pressure vessels. Supervise all above 
activities for multiplant engineering 
and manufacturing organization on 
equipment machinery and processes for 
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low-temperature operations. Will serve 
as consultant to Engineering, Sales and 
Research Depis. on metallurgical prob- 
lems for low-temperature application. 
Represent company in scientific or- 
ganizations and meetings. 


V-367. Welding Supervisor and En- 
gineer. Position open in old estab- 
lished firm of heavy metal fabricators 
located in Birmingham, Ala. Send 
resume of experience, availability and 
salary expected. 


Services Available 


A-712. With over twenty years’ 
experience in the welding industry, am 
considered an expert in manual weld- 
ing. Also a licensed Gamma Radio- 
grapher. Have organized and super- 
vised inspection programs on large 
plant expansions. Have been em- 
ployed by a large national firm as 
welding engineer in charge of such pro- 
grams. Prefer employment in the 
South or West. 


A-713. Welding Salesman. Mar- 
ried, veteran, 2 7years old. Graduate 
from Columbia University in industrial 
relations. Three years’ industrial ex- 
perience. Last 18 months with na- 
tional manufacturer of welding equip- 
ment. Completed training program. 
Experience in market research and 
sales correspondence. Will relocate. 


OBITUARY 


Harry Gard Knox 


Commander Harry Gard Knox 
died on October 30th at a hospital 
near Harrisburg, Pa. He was 73 
years old. 

An Annapolis graduate, Cmdr. 
Knox also received a master’s 
degree at MIT in electrical engi- 
neering. He was a member of the 
original World War I Welding Com- 
mittee of the Emergency Fleet 
Corp. and directed the committee’s 
design of the first welded battle- 
towing target. Commander Knox 
was also instrumental in much of 
the salvage and repair of the sabo- 
taged German ships of the same 
period. He was then ordered by 
the Navy to establish a welding 
research program at the Norfolk 
Naval Shipyard. 

Retiring from the Navy in 1920, 
he joined a subsidiary of Western 
Electric and subsequently became 
its vice-president. During World 
War II, Cmdr. Knox joined a New 
York engineering firm engaged in 
the design and fabrication of float- 


ing dry docks. 
He is survived by his wife. 


Gomer Stelljes 


Gomer Stelljes died suddenly on 
November 14th in Rochester, N. Y. 
He was 50 years old. 

Born in Long Island, N. Y., 
Mr. Stelljes moved to Rochester 
as a young man where he was 
graduated from Mechanics Insti- 
tute, forerunner of the Rochester 
Institute of Technology. With the 
exception of a period during World 
War II when he served in the Navy 
as a chief warrant officer, Mr. Stelljes 
spent most of his career with the 
W. C. Sykes Co., a construction 
firm in Rochester, holding the posi- 
tion of pipeline superintendent at 
the time of his death. 

An active member of the AMER- 
ICAN WELDING Society, Mr. 
Stelljes had been chairman of the 
Rochester Section during the 1952- 
53 term, having previously served 
three years on the section’s execu- 
tive committee. 

He is survived by his wife, a son 
and two daughters. 


FOR ALL HEAT-DEPENDENT / 
OPERATIONS J 


Sixty-three different compositions enable you to determine 
and control working temperatures from 113° to 2000° F. 

TEMPILSTIK® marks on workpiece “say when” by 
melting at stated temperatures — plus or minus 1%. 


ALSO AVAILABLE IN LIQUID AND PELLET FORM . . 
DEPT. 
. STATE TEMPERATURES OF INTEREST—PLEASE! 


‘*‘WELDING SALES”’ 
PELLETS .. 


. WRITE 
FOR SAMPLE TEMPIL® 


Available in 
these Temperatures (F.) 


agO | 
Tempil corporation 132 WEST 22ND STREET, NEW YORK 11,N. Ys 


For deta‘ls, circle No. 55 on Reader Information Card 
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2,818,493—CircLE WELDING 
CHINE—Frank J. Pilia, est 
Oran and WwW. 
Elizabeth, N. , assignors to Union 
Carbide ‘Corp., ., &@ corporation of 
New York. 


2,820,286—MeETHOD OF MAKING Com- 
POSITE PLates—Orrin E. Andrus, 
Milwaukee, Wis., assignor to A. O. 
Smith Corp., Milwaukee, Wis., a 
corporation of New York. 


The present . patent covers a method utilizing 
for ite metal plates 


This new circle welding hi 
a frame having a gear journaled therein and 
provided with an eccentric bore. A _ welding 
tool is mounted in the machine and is positioned 
in the eccentric bore of the gear. Other means 
on the frame engage and drive the eccentrically 
bored gear to rotate the welding tool about the 
axis of rotation of the eccentrically bored gear 
and within the confines therof for circular welding 
action. 


2,818,495—ELEcTRODE HoLpER—Ger- 
rit Zoethout and Johannes An- 
thonius Nicolaas Clevers, Eindhoven, 
Netherlands, assignor, by mesne as- 
signments to North American Phillips 
Co., Inc. New York, N. Y., a cor- 
poration of Delaware. 


In this new electrode holder, a pair of clamping 
jaws are pivotally secured together for move- 
ment in a common plane. One of these jaws is 
made from an electrically insulating material 
and the other of the jaws is made from an electri- 


prepared by Vern L. Oldham 


Printed copies of patents 
may be obtained for 25¢ from the 
Commissioner of Patents, Washington, D. C. 


cally conductive material. The conductive ma- 
terial jaw is narrower in width than the electrically 
insulating jaw to prevent the conductive jaw 
from contact with the workpieces. 


2,820,137—-PROCESSES AND APPARATUS 

FOR COATING WITH MAGNETIC Pow- 

DER A METAL WIRE WHICH SERVES 

AS AN ARC-WELDING ELECTRODE— 

Louis Marcel Ghemar, Ixelles-Brus- 

sels, Belgium, and Rene Jacques 

Ferdinand Daniel Robert Mouton, 

Lausanne, Switzerland, assignors to 

Aktiengesellschaft Brown, veri & 

Cie, Baden, Switzerland, a joint 

stock company. 

In this process, the wire carrying the welding 
current passes into a chamber having magnetic 
powder therein and which chamber has a wall 
presenting a gaging orifice so that the layer of 
powder drawn by the wire through this orifice 
is controlled by the combined action of the 
magnetic field created by the passage of welding 
current and by friction between the wire and the 
powder attracted toward it. In the process, the 

tic is conti ly mechanically 
thrust toward the gaging orifice and into the 
magnetic field created by the passage of welding 
current through the wire. 
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together and the method ‘includes forming a 
pack of two contiguously disposed liner sheets 
and two base sheets arranged outwardy of the 
liner sheets. The periphral edges of the pack are 
sealed to create a structure having a substantially 
fluid-tight chamber between the liner sheets, 
and the pack is heated to a fusion bonding tem- 
perature for the metals involved and fluid is 
injected under pressure into the chamber by 
holding the base plates against outward move- 
ment. This pressure is high enough to force the 
liner sheets into continuous pressure contact 
with the base plates and effects strong and = 
manent bonds therebetween. The pressure 
maintained in the chamber until the pack is 
cooled below the bonding temperature. 


2,820,725—-WELDING ALLOYS AND 
FLuxes—Rene . , Wasserman, 
Stamford, Conn., and Joseph Quaas, 
Island Park, N. Y., assignors to 

Eutectic Welding Alloys Corp., Flush- 

ing N. Y., a corporation of New 

York. 

This patent covers an electrode having a 
conductive core flux coating for use in metal arc 
welding. The core has specified limits in carbon, 

nickel, chromi and other ingre- 
dients therein. The coating has specified limited 
quantities of titanium dioxide, calcium fluoride, 
calcium carbonate and other specific materials 
present therein. 


2,820,726—-ALUMINUM-BRONZE WELD 

Rop—Francis E. Garriott, Méil- 

waukee, Wis., assignor to Ampco 

Metal, Inc., Milwaukee, Wis., 

corporation of Wisconsin. 

This new weld rod includes a cold drawable 
aluminum-bronze alloy core wire and a coating 
consisting of a fluoride fluxing material, carbon- 
aceous material, a binding material and an alloy- 
ing material. The weld rod is characterized by 
the alloying of aluminum and ferrosilicon of the 
coating with the core wire during welding to pro- 
duce a deposit having substantially greater 
hardness and tensile strength than the core wire. 


2,820,732—-FLux ror HiGcH-NICKEL 

ALLoys—Rene David Wasserman, 

Stamford, Conn., and Joseph Quaas, 

Island Park, N. Y., assignors to 

Eutectic Welding Alloys Corp., 

Flushing, N. Y., a corporation of 

New York. 

A new composition of matter for use in covering 
arc welding electrodes is disclosed in this patent. 
The patent particularly covers specific ratios of 
calcium carbonate, cryolite, titanium dioxide 
and other listed materials. 


2,820,882—-Process FOR WELDING 
METALLIC SANDWICH STRUCTURE— 
age H. Johnson, Chula Vista, 

a 


Johnson's patent relates to the production 
of a metal sandwich structure from skin sheets 
and a core of metal strips. First portions of the 
strips are bent therefrom to provide flange por- 
tions extending from one side of and substantially 
normal to adjacent portions of the strips and then 
pushing the strips one at a time between a pair 
of metal sheets to their final assembly position. 
Then the flange portions on the adjacent portions 
of the sheets are pressed together and welding 
current therethrough to weld the strips and core 
cover sheets together. 


2,821,014—-CoMPOSITE ALUMINOUS 

Meta. ArticLE—Mike A. Miller, 

New Kensington, Pa., assignor to 

Aluminum Company of America, 

Pittsburgh, Pa., a corporation of 

Pennsylvania. 

This patented ite aluminous metal 
article is ‘adapted to be joined to another metallic 
body by a brazing process. The article has a 
structural component made of an aluminum base 


alloy and a thin aluminous interlayer adhesively 

to the base alloy but having a 
melting point higher than the melting point of 
such base alloy. A layer of brazing filler metal is 
adhesively joined to the interlayer and is made 
from an aluminum base alloy having a melting 
point below that of the structural component 
(and the aluminum base alloy therein). The 
article is characterized by substantial freedom 
from penetration of the structural component 
by molten filler metal during a brazing process. 


2,821,495 BrRazInG AND HEaT 
TREATMENT OF ALUMINUM BASE 
ALLoy Castincs—Charles H. Dulin, 
Lakewood, Ohio, assignor to Alu- 
minum Company of America, Pitts- 
burgh, Pa., a corporation of Penn- 
sylvania. 

The present method particularly relates the 
production of a brazed joint on a special heat- 
treated aluminum casting. The heat-treated 
casting is assembled with one other structural 
component and flux and an aluminum base alloy 
filler metal are provided where the brazed joint 
is to be formed. Then the filler metal and flux 
are heated to a temperature between the melting 
point of the filler metal and 1060° F to fuse the 
flux and filler metal to establish a metallic bond 
between the st: uctural components. 


2,821,615—-CuTTING OF METALS AND 

ALLoys—Robert Leydon Fannon, 

London, England, assignor to The 

British Oxygen Co. Ltd., a corpora- 

tion of Great Britain. 

In this process of cutting metals, a consumable 
electrode in the form of a ferrous wire is fed to an 
electric arc struck between the wire and work- 
piece to be cut. Then nitrogen gas with oxygen 
content not substantially greater than 10% by 
volume of the gas is fed to the arc to surround it 
and the electrode is moved relative to the work- 
piece along the line of cut to maintain the arc 
and cut through the workpiece. 


2,821,618—-WELDING Device—Clyde 
Haynes, Elyria, Ohio, assignor 
to Gregory Industries, Inc., Detroit, 
Mich., a corporation of Michigan. 
Haynes has patented a stud-welding device 
including a guide housing having a ferrule end 
and with the housing having guide surfaces 
defining a stud slide path extending through 
ferrule end. The weld stud is mounted in the 
slide path, while resilient means are positioned 
to urge the stud to move along the path toward 
the ferrule. A fuse link member is present and 
holds the resilient means ineffective for initially 
moving the stud. The device includes an electric 
circuit means connecting to the link and stud 
to apply electric welding potential between the 
stud and any conducting workpiece at the ferrule 
end so that the fuse may be melted to release the 
resilient means when a selected amount of welding 
power passes through the stud. 


2,822,609—-BrazInc Process—Gerald 
J. Horvitz, Woodmere, N. Y., 
ao to Niphos Corp., New 
York, N. Y., a corporation of New 
York. 
In this new brazing process, a mixture is pre- 
from hate, and one oxide 
from the group including oxides of nickel, cobalt, 
copper, molyb tungst and iron, which 
ingredients are mixed in water. The parts to be 
brazed together are painted at the joint provided 
and the assembly is heated in a 
phere to cause the mixture to 
form a metallic alloy that flows 
into the joint and brings about brazing of the 
metal parts to be joined. 


2,822,663——ANcHOR CHAIN Strup LINK 
witH Cross MADE ENTIRELY OF 

WELD Merat—Carlton G. Lutts, 

Salem, Mass. 

The novel chain link of the invention is made 
from a section of bar stock having opposite ends 
bent back toward each other and in substantial 
alignment with each other. The ends are united 
by weld metal stud section positioned in and 
bridging completely the space between the ends 
of the bar stock piece. 
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Lower costs with mechanized hard facing 


ao up the hard-facing operations in your plant with HayNeEs Hard-Facing 
Machines. . . and enjoy substantial savings. Mechanized hard-facing is 

fast. It produces sound, uniform deposits on a production basis. And it requires 
less alloy per part hard-faced. 

Mechanized deposits conform closely to specified requirements. As a result 
there are fewer rejects. The machines maintain adequate preheat, proper 
proportioning of welding flames, and a continuous supply of molten metal. Gas 
consumption per part is lower. A minimum of manual effort is needed to 
turn out high-quality hard-faced parts. 

Our field engineers can help you determine which of your hard-facing 
jobs are suitable for mechanization. For full information on Haynes Hard-Facing 
Machines and on the wide range of HaYNEs Hard-Facing Alloys, write our 
general sales office in Kokomo, Indiana. 


Send today for this impor- aLLows 

tant manual, “Mechanized 

Hard-Facing.” Find ouf HAYNES STELLITE COMPANY 
more about this produc- Division of Union Carbide Corporation 


tion method. Kokomo, Indiana UNION i: 
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The terms “Haynes” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
For details, circle No. 39 on Reader information Card 
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_ For copies of articles, write directly to 
publications in which they appear. A list of 
addresses is available on request. 
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(Aug. 25, 1958), pp. 69-71. 
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and plates. 
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Welding Electrodes 
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An oil cooler as it comes from the 
Radiograph below shows accumulations of sludge and 


dirt on the tubes. 


To keep an engine’s 


IL COOLERS are vital to today’s 
O aircraft engines. At overhaul 
time they must go back on the engine 
clean as new. No minute particles of 
carbon or metal can remain to be a 
threat to the renewed engine. Clean- 
ing them has become a specialty with 
SMS Instrument and Accessories 
Corp. of Idlewild Airport, N. Y. C. 

To show that each cooler they clean 


airplane engine. 


unrestricted. 


is free of debris, it is sent to Industrial 
X-ray Incorporated, New Hyde Park, 
New York, to be radiographed. And 
when the cooler goes back to its job, 
its x-ray certificate of cleanliness goes 
with it. 

In such inspections of assemblies, 
in quality control, in nondestructive 
testing, radiography provides a means 


of “‘seeing’’ internal conditions and 


After cleaning, the oil cooler is ready to return to its 
job. Radiograph below shows dirt gone and passages 


bloodstream clean 


also a lasting record of what is seen. 

Producers of castings, and makers 
of welded products, find radiography 
a means of expanding their business 
and making sure only high-quality 
work is delivered. 

Would you like to learn how it 
could help you? Contact your Kodak 
x-ray dealer or the Kodak Technical 
Representative to talk it over. 


X-ray Division... EASTMAN KODAK COMPANY .. . Rochester 4, N. Y. 


| 


Read what Kodak Industrial X-ray Film, Type AA, does for you: 


e Speeds up radiographic examinations. 


e Provides excellent uniformity. 


e Gives high subject contrast, @ Reduces the possibility of 


increased detail and easy readability aL 


at all energy ranges. 


pressure desensitization 
under shop conditions. 
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For details, circle No. 41 on Reader Information Card 
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New Welding Symbols Released by AWS 


The AMERICAN WELDING SOCIETY 
has published a new 87-page stand- 
ard of AWS Welding Symbols. 
This 8- x 5-in. booklet contains up- 
to-date symbols to designate re- 
cent development in welding proc- 
esses. 


New symbols have been incorpo- 
rated for such instances as spot and 
seam welds made by arc welding, 
welds in aircraft, guided missile and 
automotive work, welds in struc- 
tural-steel fabrication and also welds 
in reinforced concrete. 


A table is included which provides 
a new system for designating weld- 
ing and cutting processes by means 
of letters. The system covers the 


37 commercially used welding proc- 
esses and also provides a means 
for indicating automatic welding, 
machine welding, manual welding 
and semiautomatic welding. 

The new Chart of Welding Sym- 
bols has been redesigned to incorpo- 
rate the new developments. A new 
arrangement simplifies the recogni- 
tion of the symbols on the chart. 

The charts are prepared in two 
sizes: one for wall use listed at 
$1.50 and the other, a smaller 
replica, listed at 50¢ for desk use. 
The booklet lists at $3. Copies 
of the booklet and charts may be 
obtained from Department T, 
AMERICAN WELDING Society, 33 
W. 39th St., New York 18, N. Y. 


Descriptions of Fabrication 


“Creative Craftsmanship in 
Steel” describes coordinated engi- 
neering, fabrication and erection 
services offered by Chicago Bridge 
& Iron Co., 2421 McCormick Build- 
ing, Michigan Ave., Chicago 4, 
Ill. The four-page booklet also 
illustrates and describes CB&I- 
built storage and pressure vessels, 
Hortonclad and special alloy struc- 
tures and the ‘Horton pickling 
process.” 

For your free copy, circle No. 2 
on Reader Information Card. 


instrumentation Booklet 


Changes are incorporated in 12- 
page Booklet RC 212A, covering 
the latest X-ray instruments for 
element analysis and structure deter- 
minations, and available from the 
Instruments Division, Philips Elec- 
tronics, Inc., 750 S. Fulton Ave, 
Mount Vernon, N. Y. 

Text covers basic diffraction equip- 
ment including cameras, the X-ray 
diffractometer and the X-ray spec- 
trograph. A_ special edition is 
devoted to the electronic circuit 
panel which is employed with dif- 
fractometer and spectrograph in- 
stallations. 

The booklet also discusses the 
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helium path attachment, the stand- 
ard specimen holder, bulk specimen 
holder and three-specimen holder. 
Another section deals with X-ray 
detectors including Geiger, scintil- 
lation, proportional and flow pro- 
portional counters. scintil- 
lation-proportional amplifier and 
scale unit and pulse height analyzer 
unit are also covered. 

For your free copy, circle No. 4 
on Reader Information Card. 


Cold Cleaning of Metal Parts 


A new “safety in use’’ approach 
for evaluating the relative safety of 
solvents used in ’’cold cleaning” of 
metal parts is contained in a new 
technical report published by the 
Chlorine Products Section, Electro- 
chemicals Department, Du Pont 
Co., Wilmington 98, Del. 

The report establishes a new con- 
cept of a relative safety index for 
solvent evaluation based on maxi- 
mum allowable concentration, vapor 
pressure and evaporation rate of the 
solvents. 

“Cold cleaning” is a broad term 
applied to industrial cleaning opera- 
tions where solvents or solvent mix- 
tures are applied at room tempera- 
tures. 

For your free copy, circle No. 6 
on Reader Information Card. 


Stainless-Steel Tubing 


Technical data card TDC-189, 
published by the Tubular Products 
division of The Babcock & Wilcox 
Co., Beaver Falls, Pa., is now 
available. This card tells of the 
reported high-temperature proper- 
ties of B&W Croloy 16-13-3 (TP 
316), its chemical composition, 
size ranges and short-time tensile 
and rupture properties, as found in 
the firm’s product line of stainless- 
steel tubing, pipe and welding fit- 
tings. 

For your free copy, circle No. 
8 on Reader Information Card. 


Radiographs of Aluminum Welds 


“‘Classified Radiographs for De- 
fects in Aluminium Fusion Welds,” 
a booklet published by the British 
Welding Research Association, 29 
Park Crescent, London, W1, Eng- 
land, classifies such defects, explains 
their origins and points out sug- 
gestions for their prevention. The 
book recognizes five basic defects: 
cracks, lack of fusion, voids, in- 
clusions of oxide, flux or metal, and 
imperfect shape. 

The publication, H3 58, measures 
5'/, x in., includes 53 illustra- 
tions and is available to nonmembers 
of BWRA at 10s per copy. 

For your copy, write to BWRA 
at the above address. 


Metallurgical Gas Processes 


Metallurgical gas processes using 
oxygen, nitrogen and the injection 
of CaC, and other solid materials 
are described in six new information 
reports published by the Research 
and Development Department of 
the National Cylinder Gas Division 
of Chemetron Corp., 840 N. Michi- 
gan Ave., Chicago 11, Ill. 

The first report, No. 13, describes 
the ““NCG controlled cupola chem- 
istry process.”” Use of oxygen in 
the malleable air furnace for refining 
electric furnace steel and other met- 
als is described in information re- 
port No. 14. A description of the 
use of oxygen to increase operating 
efficiency in the Tropenas converter 
is found in report No. 15. Use of 
oxygen in electric furnace steelmak- 
ing, report No. 16, is also described. 
Information report No. 17 covers 
use of the NCG solid materials dis- 
pensing unit in the treatment of 
molten metals. The last report, 
No. 19, describes the use of nitrogen 
for flushing molten metals. 

For your free copy, circle No 
10 on Reader information Card. 
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Which niece of 
20 carbon steel was 
gouged in 26 minutes? 


These two blocks of 20 carbon steel 
are 7 in. square and 8 in. long. The 
groove is 2% in. deep. The block on 
the right took 134 hours to chip out. 
The one on the left was gouged with 
an Arcair torch in 26 minutes — four 
times faster! 


You can cut, gouge, bevel or groove 
any metal using the Arcair method — 
and get dramatic cost savings with an 
investment of much less than $100. 


HOW DOES ARCAIR WORK? The torch 
utilizes air from an 80 p.s.i. air line, 
current from a welding machine and 
special electrodes to melt and remove 
metal. Fifteen minutes instruction is 
all an operator needs. 


WHAT'S YOUR PROBLEM? Write us your 
specific problem. We'll give you a 
speedy and sincere answer. 


THE ARCAIR CO., 431 S. Mt. Pleasant St. 
Lancaster, Ohio 


Send me more information on Arcair Torches and 
| especial electrodes. 


For details, circle No. 47 on Reader Information Card 
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WANT MORE DETAILS? 


USE 
READER INFORMATION CARD 


Propane Dilutor 


A 4-page standard-size folder in 
color, describing a propane dilutor, 
is available from Selas Corp. of 
America, Dresher, Pa. This 
“standby” unit is said to assure con- 
tinuation of plant operations in the 
event of an emergency. The lit- 
erature describes the method by 
which it can be connected to exist- 
ing gas piping, thereby producing 
the same heating rates normally 
attained. 

For your free copy, circle No. 
12 on Reader Information Card. 


Safety Equipment 


The Chicago Eye Shield Co., 
2727 W. Roscoe St., Chicago 18, 
Ill., has released a new 48-page 
catalog. This new publication is a 
guide to the selection, application 
and maintenance of protective equip- 
ment. A detailed chart listing the 


recommended safety equipment to 
use for 17 basic classifications of 
industrial hazards is included. In 
addition, the catalog gives complete 
product description of all items in 
the Cesco line. 

For your free copy, circle No. 14 
on Reader Information Card. 


Resistance Seam-Welding Machine 


In Bulietin 316-7, Sciaky Bros., 
Inc., 4915 67th St., Chicago, IIL., 
describe their Type MP 1 air-op- 
erated, press-type, single-phase seam 
welder. 

This brochure describes the ma- 
chine and is supplemented with il- 
lustrations together with dimen- 
sional drawings. Machine data are 
tabulated to indicate range, throat 
depth and welding capacities. 

One page of this 2-color, 6-page 
bulletin describes and _ illustrates 


“mash welding,” a resistance seam 


welding technique used to fasten 
the edges of a smooth weld with the 
near thickness of one sheet. 

For your free copy, circle No. 
16 on Reader Information Card. 


Machinery Design 
Arc Welding in Machinery Design 


and Manufacture, 224 pages, il- 
lustrated with photographs and 
drawings, gold embossed, board 
cover. Price, $2.00 in USA, $2.50 
elsewhere, postage paid. Published 
by The James F. Lincoln Arc 
Welding Foundation, Cleveland 17, 
Ohio. 

Part I outlines the method of 
approach to problems of welded 
design, providing a series of check 
lists and suggestions for production 
men. 

Part II presents a review of 73 
welded designs of machines, listed 
in such classifications as rotating 
parts, heavy bases and frames, 
light bases and frames, highly 
stressed parts and lightly loaded 
and miscellaneous parts. Among 
the machine types mentioned are 


construction, mining, — electrical, 
farming, machine tool, pumping, 
processing and textile. Such prob- 


lems are reviewed as appearance, 
assembly, breakage, corrosion, de- 
livery, finishing, flexibility, impact, 
machinery, precision, rigidity and 
vibration. 


Pipe Drafting 


Fundamentals of Pipe Drafting 
by Charles H. Thompson, head of 
the drafting and design department 
and associate professor of the Col- 
lege of Engineering at Oklahoma 
State University. Published by 
John Wiley & Sons, Inc., 440 Fourth 
Avenue, New York 16, N. Y. 
Paper-back cover, 8'/: X 11 in., 
66 pages, illustrated with photo- 
graphs and diagrams. Price, $3.50. 

Intended primarily for the drafts- 
man of limited experience who is 
accomplished in the basic skills of 
mechanical drawing, this textbook 
contains nine chapters, an appendix 
entitled “the language of piping” 
and an index. Various chapters 
discuss detail and diagram draw- 
ing and their general arrange- 
ment, symbols, controls and pipe 
and pipe fittings. Each chapter 
includes a section on problems to 
be solved by the reader. 
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PROBLEM 


West-Ing-Arc® Dynamic Reactor greatly enlarges 
the fields of applications for welding and results 
in many “plus” benefits at a small investment to 
the user of any semiautomatic or fully automatic 
welding process equipment employing constant 
potential (voltage) power source. 

If you presently use West-Ing-Arc equipment, or 
contemplate its use—the addition of the Dynamic 
Reactor results in cost-cutting extras ... in 
addition to the efficiencies already inherent in the 
West-Ing-Arc process. 

Order this versatile addition to your present 
equipment now! Or write for complete details on 
how this equipment can result in savings. Address: 
Dynamic Reactor, Welding Division, Westing- 
house Electric Corporation, 4454 Genesee Street, 
Buffalo 5, New York. J-22140 


you can BE SURE...1F vs Westinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS,” CBS TV MONDAYS 


For details, circle No. 45 on Reader Information Card 
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A “triple cost-cutting” EXTRA 
for welding mild steels, 
stainless and aluminum 


The N = KV WEST-ING-ARC® 
DYNAMIC 
REACTOR 


FOR USE WITH AUTOMATIC AND SEMIAUTOMATIC GAS SHIELDED, DC 
WELDING EQUIPMENT UTILIZING CONSTANT POTENTIAL POWER SOURCES 


“ALL-POSITION” WELDING! 
Overhead—vertical up—and down! 
Stability of arc at reduced setting. 


REDUCED ELECTRODE WIRE COSTS! 

Use at least one size larger diameter 

wire with no change in current setting, 

voltage or feed speed. Cost reductions 

from 1¢ to 17¢ per pound of deposited 
2 weld metal. 


GREATER VERSATILITY! 

Light-gauge metals now may be arc 
welded. No slag removal problems; 
practically no “spatter” .. . finished 
products are ready to paint or plate. 
CO, gas shielding for mild steel hand 
gun welding is practical! 


Style 427C503G01—150/300 amperes $ 
100% duty cycle—Zone 1 price* 1 5 9 


e Style 565D956G01—300/600 amperes $ 9 59 


100% duty cycle—Zone 1 price* 


| 2 LOW-COST, DUAL-RATED MODELS 
{ 
*Slightly higher in Zones 2 and 3 STYLE 427C503G01 


ORDER NOW! 


Watch Westinghouse for New Developments in Welding! 


For details, circle No. 45 on Reader Information Card 


| 
| 


| 


For details, circle No. 45 on Reader Information Card 


THREE NEW 
WELDERS 


FOR 


1. LIQUID COOLED —ENGINE- 
DRIVE WELDER — Heavy duty, 
gasoline engine driven welder 

with simplified control — one dial 
for electrode size, one dial for cur- 
rent setting. Three available mod- 
els—200 amp., 300 amp., 400 amp. 
—deliver long, trouble-free service. 


For fast-starting dependable power specify M & T welders. Complete information on request. 
METAL & THERMIT 


Write Metal & Thermit 
Corporation, Rahway, N. J. 


DEPENDABLE POWER 
the field 
the shop 


2. AIR COOLED — ENGINE- 
DRIVE WELDER — Light weight, 
gasoline engine driven welder for 
field or shop service. Low cost, 
compact, readily portable and in- 
expensive to operate. Simplified 
control permits stepless current 
adjustment within selected range 
from 25 amp. to 200 amp. 


CORPORATION 
PARTNER IN WELDING PROGRESS SINCE 1904 


For details, circle No. 43 on Reader information Card 


3. MOTOR-GENERATOR 
WELDER-— Heavy duty, DC 
motor-generator welder designed 
primarily for manual arc welding. 
Compact, functionally designed. 
Power factor control keeps power 
costs down. Low maintenance re- 
duces operating costs. 300 amp. 
and 400 amp. models available. 


wee 
ror 


For details, circle No. 45 on Reader Information Card 


Manganese-Steel Electrode 


The Lincoln Electric Co., Cleve- 
land 17, Ohio, has developed a new 
electrode, Mangjet, for welding 12 to 
14% manganese steels. A _ low- 
hydrogen iron-powder type, it is 
available in and in. 
diam. For use with ac or dc, the 
electrode is also recommended to 
build up or to join manganese or 
carbon steels. 

Mangijet deposits are 12 to 14% 
manganese steel with copper and 
molybdenum for additional strength 
and toughness. Their wear resist- 
ance is said to be comparable to 
heat-treated cast manganese steel. 

For more details, circle No. 18 on 
Reader Information Card. 


New Weldable Aluminum-Alloy 
Sheet Developed by Kaiser 


A new aluminum-alloy sheet, 
5083, containing elements of mag- 
nesium and manganese, has been 
developed by Kaiser Aluminum & 
Chemical Sales, Inc. Formerly 
available only in plate form, the new 
sheet alloy is expected to find use in 
applications requiring high resist- 
ance to mechanical damage and 
corrosion, such as processing equip- 
ment, marine truck trailers, high- 
way guard rails and construction 


equipment. The sheet is said to 
offer high strength weldability. 
Temper os H32 H34 
Ultimate 

strength, 

psi 45,000 49,000 53,000 
Yield 

strength, 

psi 23,000 39,000 43,000 
Elongation, 


% 23 10 8 


For more details, circle No. 20 on 
Reader Information Card. 


Welding and Chipping Goggle 


A new softside vinyl plastic gog- 
gle for welding and chipping has 
been introduced by Air Reduction 
Sales Co., a Division of Air Reduc- 
tion Co. Inc., 150 E. 42nd St., New 
York 17, N. Y. 

The frame is made of a soft but 
durable and flame-resistant vinyl 
plastic. The material is light in 


weight and conforms to the con- 
tours of the operators’s face. The 
eyepiece adapter is molded of a 
more rigid plastic material which 
permits the raising of both eye- 
pieces as a unit without disturbing 
prescription glasses worn under- 


neath. The design specifications 
of the frame meet government 
Spec. GGG-G-531. 

A cover lens protects the 50-mm 
green filter lenses which are avail- 
able in shades 3 to 6 for welding 
use. Substituting the cover and 
filter lenses with hardened lenses 
adapts the goggles for chipping and 
grinding protection. 

For more details, circle No. 22 on 
Reader Information Card. 


Fire-Resistant Clothing 


A new series of fire-resistant 100% 
cotton clothing, including sleeves 
and bibs, aprons, overalls, coats, 
hip leggings and pants, has been 
designed by American Optical Co., 
Safety Products Division, South- 
bridge, Mass. Flameproofing treat- 
ment given to the clothing is said to 
result in much greater wear than 
clothing of untreated fabric. 
Known as “‘Fyre-Free’’ clothing, it 


on Reader Information Card. 


meets ASA requirements for flame- 
proofed fabrics and is especially 
recommended in welding. 

For more details, circle No. '24 


500-Amp A-C Welding Machine 


Hobart Brothers Co., Troy, Ohio, 
have introduced a 500-amp a-c 
transformer-type welding machine. 
Known as “Budget 500” this 40-v 
unit operates at 60% duty cycle. 
It has a welding range of 100 to 625 
amp in three overlapping main step 
settings of 100 to 300 amp, 195 to 
475 amp and 375 to 625 amp. 
These adjustment steps, with rheo- 
stat for fine adjustment, provide 
dual control to permit choice of 


open-circuit voltage to suit the 
particular job. Double primary 
provides operation on either 230 or 
460 v. The dimensions of the 
machine are 4 ft high, 21'/, in. wide 
and 21'/; in. deep. Weight is 
524 lb. 

For more details, circle No. 26 on 
Reader Information Card. 


Brazing-Alloy Cement 


Nicrobraz Cement, a liquid plas- 
tic material for use in applying 
powdered brazing alloys, is now 
available in a choice of six different 
viscosities from the Stainless Proc- 
essing Division of Wall Colmonoy 
Corp., 19345 John R. St., Detroit 3, 
Mich. 

Nicrobraz Cement acts as both a 
vehicle and a binder. It may be 
mixed with any powdered brazing 
alloy to permit application to joints 
with a brush, eyedropper or other 
means. It holds the alloy in place 
during application and handling, as 
well as placement in the furnace. 

Nicrobraz Cement does not ad- 
versely affect high purity dry atmos- 
pheres in furnace brazing; it is also 
used satisfactorily in vacuum-braz- 
ing operations. It volatilizes be- 
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For details, circle Ne. 49 on Reader Information Card 


tween 500 and 600° F, leaving no 
ash or residue. After volatiliza- 
tion, the brazing alloy remains in 
place because the material causes it 
to coalesce, bringing about a “‘pack- 
ing’ action which gives the alloy 
strength to hold its own weight un- 
til brazing temperature is reached. 

For more details, circle No. 28 on 
Reader Information Card. 


Soldering Torch 


Harris Calorific Co., 5501 Cass 
Ave., Cleveland 2, Ohio, has de- 
signed Model 89-2 automatic gas- 
air torch for large-area soldering op- 
erations, such as automotive work. 


= 
- 


To be used with propane or butane 
in combination with compressed air, 
the torch has a stainless-steel head 
designed to eliminate the need for 
numerous sizes. The manufacturer 
reports such torch features as leak- 
free brass body and instantaneous 
relighting through a pilot light and 
: lever handle action. 

For more details, circle No. 32 
on Reader Information Card. 


Plastic Container 
for Silver-Brazing Flux 


American Products Corp., 525 S. 


Dearborn St., Chicago 5, IIl., is now 
packaging its silver-brazing flux, 
known as “Xcel-Flux,”’ in plastic 
squeeze-type bottles. A perma- 
nent applicator brush is attached to 
the cap, providing easier brush ap- 
plication of the semi-liquid material. 
The manufacturer reports that the 
new container eliminates drying, 
hardening and crystallizing of the 
flux. A plastic spout top is also in- 
cluded to “pinpoint” the flux into 
the intended areas. 

For more details, circle No. 34 on 
Reader Information Card. 


Electrode for Gouging and Piercing 


An electrode for cutting grooves, 
gouging, piercing or removing sur- 
plus metal has been introduced by 
Aufhauser Brothers Corp., Albert- 
son, Long Island, N. Y. Available 
in '/s and */;. in. diam, these elec- 
trodes are said to be equally effec- 
tive on all steels, cast iron and non- 
ferrous metals. 

Known as Groovees, the elec- 
trodes can be used with ac or dc and 
reportedly leave a scale-free sur- 
face. The steel core wire is also 
said to eliminate any chance for 
carbon pickup. According to the 
manufacturer, holes up to */, in. 
diam can be pierced in plate up to 
'/, in. in thickness. 

For more details, circle No. 36 on 
Reader Information Card. 


Aluminum in 1-Lb Spools 


All-State Welding Alloys Co., 
Inc., 249-255 Ferris Ave., White 
Plains, N. Y., announced the avail- 
ability of aluminum welding wire, 
5/4, and '/,, in. diam, in 1-lb spools. 
The new sizes of extruded and 
cleaned aluminum are now provided 
in such government specifications as 
355, 356, 716, 718, 1100, 4043, 5052, 
5154, 5356, 6061 and 6063. Pre- 
viously supplied only in 10-lb spools, 
the smaller weights are expected to 


encourage wider usage in the inert- 
gas-shielded metal-arc welding in 
such fields as aircraft, ship super- 
structures, air conditioning and in 
the manufacture of metal furniture. 

For more details, circle No. 38 
on Reader Information Card. 


Gas Control Unit 


Smith Welding Equipment Corp., 
2633 Fourth St., Minneapolis 14, 
Minn., has introduced a new gas 
control unit, a push-button device 
which regulates the flow of oxygen 
and fuel gas in welding and cutting 
operations. 

Said to perform equally well in 
hand or machine operations, the H- 
1050 gas-saving valve is reportedly 


well suited for such applications as 
production brazing and _ heating, 
silver soldering, frequent and inter- 
mittent welding operations, heat 
treating or flame hardening. [t has 
a capacity for normal operation of up 
to eight machine cutting torches, 
permitting uniform starts in this 
type of application. 

For more details, circle No. 40 
on Reader Information Card. 


Automatic Silver Brazing 


ST series silver-brazing paste al- 
loy, containing standard silver-braz- 
ing alloys with special silver-brazing 
fluxes in stable paste form, has been 
developed for use on automatic 
silver-brazing production lines by 
Fusion Engineering, 17921 Roseland 
Ave., Cleveland, Ohio. This new 
paste material eliminates separate 
application of braze alloy and flux. 

According to the manufacturer, 
ST series silver-braze pastes have 
been tested and approved in such in- 
dustries as automotove subassembly, 
heating and air conditioning, and 
electrical contacts. 

On fully automatic production 
facilities, parts are fed automati- 
cally past the paste dispenser. A 
uniform amount of paste material 
is applied to the joint. Subse- 
quently, heating finishes the brazing 
operation. 

For more details, circle No. 42 on 
Reader Information Card. 
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800 Peralta Ave., 
Calif., manufacturers of tractor rolls 


Semiautomatic Welding Machine 


Hensley Equipment Co., Inc., 
San Leandro, 


Magnetic-Tracer Welding System 


A new magnetic tape tracer 
welding system that permits the 
joining of metal parts having un- 
trimmed, out-of-tolerance, straight 
line or contour weld line edges in a 
continuous automated welding 
operation has been developed by 
Expert Welding Machine Division, 


ie 


rails and construction parts, have 
developed their first welding prod- 
uct, the “Porta Weld’. A semiau- 
tomatic welding machine, this unit 
was primarily designed for surfac- 
ing applications and will accommo- 
date standard 12-in. reels and “‘pay- 
off’ packs of 3 and 4 in. widths. 
Such wire diameters as * and 
'/, in. can be used on the weld- 
ing unit, the weight of which is 57 
Ib with cable. 

For more details, circle No. 44 on 
Reader Information Card. 


Expert Die and Tool Co., 17144 Mt. 
Elliott Ave., Detroit 12, Mich. 
This system controls self-powered 
welding heads which automatically 
follow any type welding contour. 
For more details, circle No. 46 on 
Reader Information Card. 


SEMI-AUTOMATIC WIRE 


MANGANAL 4 


11% -13%% MANGANESE - NICKEL STEEL 
SEMI-AUTOMATIC WIRE 


. Higher deposition rate. (12 Ibs./hr. on 


high amperage) 
. Higher build-up. 


. Practically no spatter. 


WN 


. Cannot kink and crush in feed rolls. 


. 25 |b. coils, 7/64” diameter. 


NEAREST DISTRIBUTOR UPON REQUEST 
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For details, circle No. 53 on Reader Information Card 
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Limited Input Welding Machine 


Harnishfeger Corp., Milwaukee 
46, Wis., has developed a new a-c 
welding machine with a 20- to 180- 
amp current range. Available with 
16 steps of heat and a high open cir- 
cuit of 65 v, the unit will reportedly 


4 


permit the use of low-hydrogen and 
stainless-steel electrodes up to */1« 
in. in diam. Said to meet NEMA 
and REA specifications, the welding 
machine has a 230-v power supply 
and 37-amp full load impact, with 
single phase and 50 to 60 cycles. 

For more details, circle No. 30 on 
Reader Information Card. 


Gas Economizer 


To serve the dual purpose of torch 
holder and gas economizer, Harris 
Calorific Co., 5501 Cass Ave., 
Cleveland 2, Ohio, has designed their 
Model 64-2 “‘Gasaver,”’ said to in- 
corporate leak-proof valves. When 
the torch is placed on the hook the 
flame is automatically extinguished. 
A stationary pilot light on the 
“‘Gasaver” provides the means for 


immediate relighting of the torch, 
without recourse to the torch valves, 
when required. 

For more details, circle No. 48 on 
Reader Information Card. 
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NEW HOME STUDY 
COURSES FOR THE 
WELDING INDUSTRY 


OXY-ACETYLENE WELDING 
ARC WELDING 

ELEMENTS OF METALLURGY 
PLUS 14 OTHER COURSES 


The Metals Engineering Institute, a new 
and rapidly-expanding division of the 
American Society for Metals, now offers 
many authoritative and comprehensive home 
study courses for ambitious metals men in 
the welding industry. You can learn welding 
from experts. You study at home. You 
benefit from ASM's forty years of outstandin 
and successful educational experience. 1 
courses are now in use by nearly 1500 stu- 
dents. Also available are special “tailor- 
made” courses to meet the specific demands 
of your present job....or the job you want 
tomorrow! 


MAIL COUPON FOR 


FREE 


CATALOG 


Success... 


the Metals Industry 


CATALOG DESCRIBES 17 COURSES, 
THEIR AUTHORS, LESSON TITLES 
AND DESCRIPTIONS 


Elements of Metallurgy—Oxy-Acetylene Weld- 
ing—-Arc Welding—Heat Treatment of Steel— 
Titanium—Copper, Brass & Bronze—Mag- 
nesium—High Temperature Metals—Steel 
Foundry Practice—Gray Iron Foundry Prac- 
tice—Survey of Steel Plant Processes—Tool 
Steels—Primary and Secondary Recovery of 
Lead & Zinc—Stainless Steels—Metals for 
Nuclear Power—iron Blast Furnace Opera- 
tions—Electroplating and Metal Finishing. 


TRAINING 
DIRECTORS 


ME! courses are ideally suited to in-plant 
— training sessions and are already in use in 

major plants across the country. Return the 
EARN AN CERTIFICATE coupon for detailed information. 

The MEI certificate is awarded 
for the completion of an MEI course. 
It is beautifully encased and serves RETURN COUPON NOW 
as proof of your ambition to know 
more about welding and more about ABSOLUTELY NO COST OR OBLIGATION 
your job. 


Metals Engineering Institute 
1 American Society for Metals Check here if you want 


7301 Euclid Ave, in-plant information only. 


Cleveland 3, Ohi 


Dept. WJ-19 


Please send me your 32-page catalog: 
i “TRAINING COURSES FOR THE METALS INDUSTRY” 


I Name 


Street 


City Zone State 


Company 


For details, circle No. 65 on Reader Information Card 
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Announcing 
a new name... 


COMPANY, 


for your Metals “Supermarkets” 


Yes! It’s Official! We've shortened our name. 


Our customers are really responsible for the 
change. For years now, they’ve been calling us 
“Whitehead Metals,” neatly dropping the last two 
words of our official name. It’s easier to say, and 
much more descriptive of our activities. We agreed 
with them and so have made the, change legal and 
official. From now on, we'll be known to all as 
Whitehead Metals, Inc. 


While our name may be different, our customers 
and friends can rest assured our traditionally high 


standards of service will remain unchanged. We 
are still intensely interested in your metals problem. 
We want you to choose the one right kind of ma- 
terial for your application. Our trained engineering 
staff is ready to work with you and advise you. 
Since we stock all the principal corrosion resistant 
alloys, we can and do give you unbiased opinions. 


20,000 different items are stocked in eight con- 
veniently located warehouses for you to choose 
from. You’ll find it will pay you to consult with 
your nearest Whitehead representative. We’ll be 
happy to serve you—under our new name, 


ALUMINUM + BRASS + BRONZE + CLAD METALS + COPPER + MONEL « NICKEL 
INCONEL + PRIMARY NICKEL & FERRO ALLOYS + PLASTICS + STAINLESS STEEL 


Sheet + Rod + Wire «+ Shapes «+ Pipe + Tube « Valves « Fittings 


Fasteners Wire Mesh 


Welding and Brazing Materials 


303 West 10th Street * New York 14, N. Y. 
Other Offices and Warehouses: 
PHILADELPHIA BUFFALO HARRISON, N. J. 
CAMBRIDGE, MASS. SYRACUSE BALTIMORE 
ROCHESTER + WINDSOR, CONN. 


For details, circle No. 57 on Reader Information Card 


Or RY et 2 

9 | JANUARY 1959 


READER INFORMATION CARD | 
Cord volid until March 31, 1959 
; Please send me, without cost or obligation, further 
‘ information and literature on items circled below: 
26 76 101 126 
27 102 127 
ee 28 78 103 128 
: 4 29 54 79 104 129 
30 89 105 100 
31 56 106 131 | 
§ 7 32 82 107 132 
: a 33 58 83 108 133 
: 9 7 59 34 109 134 
10 3 85 110 135 
12 42 87 112 
13 63 38 113 ‘38 
39 64 89 114 139 
40 90 11s 140 
16 56 91 16 
17 42 67 92 117 142 
: 18 43 68 73 118 143 
' 9 44 69 94 19 144 
; 20 45 70 95 120 145 
: 21 46 7 96 121 146 
22 4? 72 122 147 
23 43 73 8 123 148 
" 24 49 74 99 124 149 
. 25 $0 75 100 125 150 
Mail me a list of Publications 
NAME 


PRODUCT 


Pert 
io 
io 
wo 


CITY & ZON STATE 
| 
(|< 
2) 
Now, with just one postcard, you can gather O: 
all the literature offered in the Journal. : . ¢ 
Just follow these simple steps for quick action: © ° S 
1. Note reference number on text pages 
2. Circle the corresponding number on one O 
of the facing reply cards. (Keep other Y 2 x 
card for future use if desired.) > Oo 
3. Please print name and address legibly. : ® 3 < O © A 
£. 
The Journal and its Advertisers 2 
appreciate your interest 
| 


FIRST CLASS 


PERMIT NO. 9286 
NEW YORK, Y. 


Business Reply Card 


No postage necessary if mailed in the United States 


23 


> 


Sssye 


74 
75 


4¢ POSTAGE WILL BE PAID BY 


Welding Journal 


January, 1959 
Cord valid until March 31, 1959 


cost or obligation, further 
ture on items circled below: 


33 West 39th Street 
New York 18, N. Y. 


Use this Handy Postcard 
See Reverse Side for Details 


9 
EQUIPMEN | 
{ \ 
4 104 129 . 
109 134 | 4 F 
12 12 Ww, 
13 113 138 } 
15 140 | 
18 118 
20 120 “5 
22 122 147 
24 124 49 « 
re Mail me a list of AWS Publications [] ‘ 
od d 
{ 


SUPPLEMENT TO THE WELDING 


JOURNAL, 


Sponsored by the Welding Research Council 
of the Engineering Foundation Were 


) 


JANUARY 1959 


The Weld Heat-Affected Zone 


Effect of weld thermal cycles on the microstructure and mechanical behavior 
of the base metal in the heat-affected zone is described by 1958 Adams Lecturer 


SY ERNEST F. RIPPES 


ERNEST F. NIPPES was born in New 
York City and received his bachelor’s de- 
gree from Rensselaer Polytechnic Institute 
in 1938. Continuing his studies at Rens- 
selaer, Dr. Nippes obtained his master’s 
degree in 1940 and his Ph.D. in 1942. 
Upon completion of his graduate work, he 
remained at RPI and is currently Profes- 
sor of Metallurgy in addition to being 
Director of Welding Research. 

Dr. Nippes has maintained an active 
consulting practice and is currently work- 
ing with the Adirondak Foundries and 
Steel, Inc. and the Oak Ridge National 
Laboratory. He also serves as a member 
of several technical committees of the 
Welding Research Council and is the 
author or co-author of more than 45 ar- 
ticles on welding. In 1956 Dr. Nippes was 
awarded the $2000 ASM Teaching Award. 

He is a past chairman of the Northern 
New York Section of the AMERICAN WELb- 
ING SOcIETY. 


INTRODUCTION. I wish to express my 
deep appreciation for the opportunity 
and privilege to present this, the 16th 
Adams Lecture, in honor of Dr. Comfort 
A. Adams, Founder and First President of 
the AMERICAN Socretry. Al- 
though Dr. Adams is no longer with us, 
evidences of his accomplishments in the 
field of welding certainly will never dis- 
appear. 

Studies of the effect of weld thermal 
cycles on the microstructure and mechan- 
ical behavior of the base metal in the heat- 
affected zones have constituted a major 
field of interest in the Welding Laboratory 
at Rensselaer Polytechnic Institute for 
the past decade. As a necessary part of 
these studies, the effect of welding vari- 
ables on the time-temperature cycles ex- 
perienced near are welds has been deter- 
mined for a variety of structural materials 
\s a result, it is now possible to describe 
the complete thermal cycle experienced 
by any point in the vicinity of an are weld 
for most ferrous materials, as well as cer- 
tain titanium and zirconium alloys. As a 
direct outgrowth of this fundamental in- 
formation, apparatus has been developed 
which permits exact duplication of any 
such weld thermal cycle in a specimen of 
suitable size for subsequent mechanical 
testing. This apparatus, and subsequent 
modifications thereof, has been utilized 
in investigations of the effect of weld 
thermal cycles on the impact strength, 
stress-rupture behavior, elevated-temper- 
ature strength and ductility, and corro- 
sion resistance of many different structural 
alloys. One interesting advantage offered 
by this approach is the ability to create 
finite volumes of any particular weld heat- 
affected-zone structure at will, thus per- 
mitting careful study of the microstruc- 
tural changes produced by welding and 
correlation of such changes with physical 
and mechanical behavior. 
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1958 ADAMS LECTURE 


In order to limit the extent of this lec- 
ture, only certain illustrative examples of 
the results of experimental investigations 
performed at RPI will be presented. Fol- 
lowing a general discussion on the heat- 
affected zones in are welds made in steel, 
the following topics will be presented: 


a) Prediction of are-welding condi- 


tions 
(b Weld thermal cycles. 
(¢ Knife-line attack in austenitic 


stainless steels. 
(d) Hot ductility of high-temperature 


alloys 

(¢ Studies of the heat-affected zone 
of T-1 steel 

( Prediction of weld heat-affected 


zone microstructures, 

g Development of a high-speed dila- 
tometer for the determination of 
continuous-cooling transforma- 
tion diagrams applicable to 
thermal cycles of welding. 

The Heat-Affected Zone in Arc Welds 
Welded joints made by the electric-are 
welding process have generally been con- 
sidered to be comprised of two major 
portions: 

1. The fusion zone, where tempera- 
tures have exceeded the melting 
temperature. 

2. The heat-affected zone, extend- 
ing outward from the fusion 
zone, in which the original 
microstructure has been altered 
by the heat of the welding 
process. 

The molten metal in the fusion zone 
cools primarily by conduction of heat 
away from the fusion zone by the 
members being welded. It is this con- 
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Fig. 1 Temperature distribution in the neighborhood of an electric-arc weld 


duction of heat that produces the com- 
plex heat-affected zone. Figure 1 shows 
the temperature distribution at various 
times after the deposition of this molten 
metal, referred to temperatures on an 
iron-iron carbide diagram. The curve 
marked 2, for example, shows the steep 
temperature gradient which exists 2 
sec after the are passed the cross section 
shown at the top of Fig. 1. During 
the interval following  weld-metal 
deposition, a region of base plate adjoin- 
ing the fusion zone is heated to tempera- 
tures above the lower critical tempera- 
ture, A;, and this region comprises the 
so-called heat-affected zone in steels. 

The changes in microstructure pro- 
duced by a weld in '/:in. low-carbon 
steel using an energy input of 70,000 
joules per inch are shown in Fig. 2. 
The production of these changes may be 
summarized as follows. In withdrawing 
heat from the fusion zone, the material 


zone, is heated far into the austenitic 
range, and therefore grain growth causes 
large austenitic grains. The maximum 
temperature attained, and therefore the 
size of the austenitic grains, diminishes 
with increasing distance from the fusion 
zone, until B, Fig. 2, is reached where the 
transformation to austenite is complete. 
Beyond this point, the extent of austeni- 
tization decreases until, at a point C, the 
maximum temperature is so low that 
presumably no austenite is formed. It 
must, however, be borne in mind that 
the time for these reactions to occur 
is rather short, being of the order of 
magnitude of seconds, and therefore the 
temperatures required to produce the 
observed metallographic changes are 
always considerably higher than the 
temperatures which govern equilibrium 
reactions. As time passes, the tem- 
perature distribution changes, as in- 


at A, immediately adjacent to the fusion 
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dicated by Fig. 1, until the whole 
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Fig. 2. Panorama showing microstructures associated with an arc weld made in '/»-in. low-carbon steel plate using an energy input of 70,000 joules per in. 
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member returns eventually to ambient 
temperature. The cooling rates also 
vary from point to point in the heat- 
affected zone, the rate of cooling vary- 
ing in the same order as the maximum 
temperature attained at any point, and 
thus further influencing the resultant 
microstructure. 

Since general metallographic strue- 
tural variations found in an arc-welded 
member reflect the thermal history of the 
point in question, these variations in the 
microstructure may now be discussed. 
For reference purposes, each region 
will be identified in Fig. 2 by specifying 
the distances from the weld centerline 
as indicated at the top of the figure. 

1. Region of Grain Coarsening (0.32 
to 0.36 in.). The region experiencing 
maximum temperatures well in the 
austenitic region exhibits large grain 
sizes, and the relatively rapid cooling 
rates are evidenced by the typical 
Widmanstiitten structure found in the 
neighborhood of the fusion zone. The 
grain size resulting is a maximum at the 
edge of the heat-affected zone near the 
fusion zone, and diminishes rapidly with 
increasing distance from the fusion 
zone. In hypoeutectoid steels, the 
fast cooling rate also results in some sup- 
pression of the amount of free ferrite 
found in this region of the heat-affected 
zone. 

2. The Region of Grain Refinement 
(0.36 to 0.42 in.). The region heated 
just above the temperature required for 
complete austenitization exhibits a to- 
tally refined equiaxed grain structure. 
The grain size presumably is a minimum 
where a Maximum temperature in the 
neighborhood of the effective upper 
critical temperature (Acs) is realized. 

3. The Region of Partial Refine- 
ment (0.42 to 0.45 in.). Bordering the 
region of refinement and extending out- 
ward isa region of partial refinement pro- 
duced by the partial austenitization ex- 
perienced. In hypoeutectoid 
those portions richest in carbon exhibit 
extremely fine grain structure, while 
the ferritic regions become less affected 
as the maximum temperature attained 
diminishes, and tend to approach the 
original grain size. 

4. The Region of Spheroidization 
(0.45 to 0.46 in.). Over a narrow 
region heated to approximately the 
effective lower critical temperature (Ac;) 
the lamellar carbides terd to dissolve 
on heating and re-form as spheroidal 
particles upon cooling. This region of 
spheroidization in hypoeutectoid steels 
is characterized by colonies of spheroidal 
carbide particles within the areas origi- 
nally pearlitic. The matrix of ferrite 
remains unaffected by the relatively low 
maximum temperature reached in this 
region. Beyond this region of spheroid- 
ization, structural 
observed by any of the usual micro- 
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Cooling times through various important temperature ranges, experimen- 


tally determined for different points on the Jominy bar 


scopic methods, although precipitation 
phenomena may possibly be present. 
From this discussion it becomes evi- 
dent that the heat-affected 
originally defined is in reality a con- 
glomeration of metallurgical changes 
wrought by the thermal history of the 
particular region. Since it is a known 
metallurgical fact that the properties of 
a material depend upon the microstruc- 
ture, answers to problems of weldability 
may well be sought in the heat-affected 
zone. 
Prediction of Arc-Welding Conditions 
The measurement of cooling rates 
associated with are welding led to the 
development of a system of quantitative 
predictions of cooling rates as a fune- 


zone as 


tion of welding variables.' Cooling-rate 
measurements were made by imbedding 
thermocouples in the plate material near 
the are weld. This method of predicting 
and selecting welding conditions will 
now be described. 

The probability of underbead crack- 
ing in the are welding of steels increases 
and the amount of 
martensite in the heat-affected zone 
increase. The of the mar- 
tensite depends on the carbon dissolved 
during austenitization, whereas the 
amount of martensite produced in a 
weld heat-affected zone depends on two 
factors: 


as the hardness 


hardness 


1. The hardenability of the steel 
being welded, which depends 
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primarily on the composition 
and grain size of the austenite, 
and can be evaluated by the 
Jominy hardenability test. 

2. The cooling conditions which 
prevail in the heat-affected 
zone. 

Extensive studies of the effect of are 
welding variables on the cooling condi- 
tions in the heat-affected zones of arc 
welds indicated that: 

1. The maximum cooling rate, and 
therefore the greatest probability of 
martensite formation, occurred at a 
point in the heat-affected zone im- 
mediately adjacent to the fusion zone. 

2. The effects of the principal are- 
welding variables could be combined in 
a single parameter, termed the energy 
input and defined by the relationship: 


are energy input = 
are power 
= joules/in. = 
travel speed 
are voltage (volts) x are current (amp) 
are travel speed (in./sec ) 


3. For a given weld geometry and 
electrode size, the cooling conditions in 
the weld-heat-affected zone were func- 
tions of the energy input and _ initial 
plate temperature for are travel speeds 
up to 12 in./min. (For travel speeds 
greater than 12 in./min, the cooling 
conditions will also be influenced by 
the cross-sectional area at the weld.) 

4. Through a knowledge of the trans- 
formational behavior of a particular 
steel, a satisfactory microstructure 
could usually be produced in the weld 
heat-affected zone by proper selection 
of the weld energy input and the initial 
plate temperature. 

Briefy, then, the following procedure 
may be employed to select a suitable set 
of welding conditions. 

Step 1. Plot the Jontiny harden- 
ability curve, either from experimental 
data or from calculations based upon 
the chemical analysis of the steel. 
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Fig. 5 Cooling rates at 800° F for top-pass butt welds in 
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Fig. 7 Typical thermal cycles in heat-affected zones of arc welds in |! »-in 


stainless-steel plate 


Step 2. Locate the Jominy distance 
for the maximum hardness consistent 
with satisfactory service behavior for the 
steel. 

Step 3. From a tabulation of cooling 
conditions on the Jominy bar as a func- 
tion of Jominy distance, ascertain the 
cooling conditions for the Jominy dis- 
tance found in Step 2. 

Step 4. From the published tables 
of weld cooling rates as a function of 
welding variables,' select a set of weld- 
ing conditions which will provide a cool- 
ing rate equal to or less than the value 
found in Step 3. 

As an example of the steps involved 
in this procedure, the welding conditions 
fora 1-in. plate of a heat of NE8620 will 
be calculated. 

Step 1. The Jominy hardenability 
curve for this material is illustrated in 
Fig. 3. It will be noted that the 
material was austenitized for '/>. hr at 
2100° F and cooled to 1700° F prior 
to end quenching. This heat treatment 


Fig. 8 Close-up of specimen during 
synthetic heat treatment duplicating a 
weld thermal cycle 


reproduces in the Jominy bar the grain 
size found in the coarse-grained region 
of the heat-affected zone. 

Step 2. Assuming that a nonmar- 
tensitic structure is desired, a maximum 
hardness of 280 VPN would be desirable. 
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Fig.9 Over-all view of electronic-control apparatus 


This hardness corresponds to a Jominy 
distance of 0.45 in., as may be seen in 
Fig. 3. 

Step 3. The cooling conditions on 
the Jominy bar as a function of Jominy 
distance are shown in Fig. 4. As may 
be seen from this figure, a Jominy dis- 
tance of 0.45 in., selected in Step 2, 
corresponds to a cooling time of 17 
sec in the temperature range of 900 to 
700° F. The temperature range which 
is chosen is the important temperature 
range for transformation for the steel. 
For plain-carbon and low-alloy steels 
containing less than 0.2% Mo, the tem- 
perature range is selected as 1100 to 
900° F, whereas for alloy steels contain- 
ing more than 0.2% Mo the range is 
selected as 900-700° F. The average 
cooling rate, corresponding to a cooling 
time of 17 sec for a 200° F interval, is: 
200/17 =12° F per sec at 800° F, the 
average temperature of the range 900 
to 700° F. 

Step 4. Proceeding to the tables of 
weld cooling rates as a function of weld- 
ing conditions, the energy input which 
will provide a cooling rate of 12° F/sec 
at 800° F in a 1-in. plate can be deter- 
mined. A graphical plot of the partic- 
ular table required is shown in Fig. 5. 
As may be noted from this figure, an 
infinite number of combinations of 
energy input and initial plate tempera- 
ture exist. For example, with an initial 
plate temperature of 72° F, an energy 
input of 111,000 joules/in. would be 
required to produce a cooling rate of 12° 
F/sec at 800° F, whereas with a 400° F 
preheat an energy input of 56,000 
joules/in. would be required. 

As an indication of the reliability of 
this method of prediction, welds made 
under the conditions indicated in Step 4 
exhibited a maximum hardness in the 
heat-affected zone of 283 VPN with an 
initial plate temperature of 72° F and 289 
VPN with a preheat of 400° F. It will 
be recalled that a hardness of 280 VPN 
was selected in Step 2. 
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Fig. 10 View of cam-operated potentiometer 


Weld Thermal Cycles where: 

As a result of quantitative tempera- T = the temperature in ° F of a 
ture measurements in the heat-affected point of distance, d, from 
zones of are welds, a series of differential the weld centerline at the 

: - - end of time, s, after the are 
equations was developed,? expressing passes nearest the point 
the temperature distribution in the T = 


initial plate temperature in 
neighborhood of an electric-are weld as F 
a function of time, distance from weld 
centerline, and welding variables. 


F(s,d) = function of the distance, d, 
from the weld centerline to 
the point and the time, s, 


These equations have the general after the electrode passes 
form: nearest the point. 
pe ne energy input = weld energy input ex- 
pressed in joules per inch. 
"(8,a) 
Sid tractor input factor = a multiplying factor 
1000 x energy input x Input factor hich 
2 2500 °F 
' 
2400°F 
TIME-TEMPERATURE CYCLES ADJACENT TO 
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Fig. 11 Time-temperature cycles adjacent to arc welds in 1'/2-in. Type 
347 stainless steel 
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fect of tempera- 
tures. he value of this 
factor is 1.0 for initial plate 
temperature of 72° F, and 
other values are employed 
for other initial plate tem- 
peratures. 
By means of these equations the tem- 
perature at a point of distance, d, from 
the weld centerline, at the end of s sec 
after the arc passes the point may be 
readily obtained. By calculation of the 
temperature at such a point as a 
function of time after the arc passes, the 
complete heating and cooling cycle for 
the point may be obtained. 

A typical series of these differential 
equations is presented in graphical form 
in Fig. 6, where values of F(s, d) are 
plotted as a function of time, s, for var- 
ious distances, d, from the weld center- 
line for 1'/. in. stainless steel. Thermal 
cycles calculated from data of this type 
are presented in Fig. 7 for 1'/:-in. stain- 
less-steel plate welded with two energy 
inputs, 35,000 and 70,000 joules/in. 
Complete thermal cycles experienced 
by points at the fusion line, 0.05 in., and 
0.10 in. from the fusion line are pre- 
sented. In this figure, zero time refers 
to the instant that the are passes a line 
erected normal to the welding direction 


(A) After Simulated 
Weld Cycle. (Peak 
Temp 2200°F) 


(C) After Simulated 
Weld Cycle. (Peak 
Temp 


Fig. 12 Microstructures of Type 347 stainless steel. 
lated weld thermal cycles with and without postweld heat treatment. 
(Reduced by '/; upon reproduction) 


mixed acids. X 500. 
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through the points in question. Thus, 
negative times indicate the time required 
for the are to proceed to a point on 
the weld axis directly opposite the points 
in question. Positive times indicate 
the elaspsed time after the arc passed 
the position on the weld axis nearest to 
the points in question. 


Duplication of Thermal Cycles 


As a direct outgrowth from the funda- 
mental information concerning the com- 
plete thermal cycles experienced by any 
point in the vicinity of an are weld, 
apparatus was developed‘ which permits 
exact duplication of any such thermal 
cycle in a specimen of suitable size for 
subsequent mechanical testing. In this 
apparatus, the specimen is held in a 
pair of water-cooled copper jaws, sep- 
arated approximately one inch. The 
specimen is heated by its own resistance 
to the flow of current from the secondary 
of a conventional resistance-welding 
transformer. 

A fine-wire thermocouple, percussion 
welded to the specimen at a point mid- 
way between the water-cooled copper 
jaws, provides a continuous feed-back 
signal proportional to the instantaneous 
specimen temperature. This feed-back 


(D) Same as (C) Plus a Post- 
Weld Heat-Treatment - 
1200°F for 2 hr 


Regions subjected to simu- 
Etchant, 


signal is compared with a reference 
signal obtained from a cam-operated 
potentiometer 120 times per sec. The 
unbalance signal thus obtained is 
employed to control the flow of current 
in the primary of the resistance- 
welding transformer. Thus, if the 
specimen temperature is momentarily 
lower than the desired instantaneous 
temperature, as determined by the 
output of the cam-controlled potenti- 
ometer at that instant, the primary of 
the resistance-welding transformer is 
energized. If the specimen temperature 
is instantaneously higher than the 
desired temperature, the control func- 
tions to de-energize the transformer and 
the specimen is allowed to cool by 
conduction of heat longitudinally to 
the water-cooled copper jaws. The 
basic sensitivity of the time-temperature 
control obtained in this way is such 
that a departure of the instantaneous 
temperature from the desired value by 
+5° F is sufficient to produce corrective 
action by the control. The desired 
thermal cycle is thus programmed by a 
readily constructed sheet-metal cam 
which determines the output of the 
‘am-controlled potentiometer. 

Figure 8 shows a close-up of a '/,-in. 
diam sample during synthetic heat 
treatment duplicating a weld thermal 
cycle. The fine-wire thermocouple 
may be seen attached to the center of 
the specimen and connected to the 
apparatus terminals above and to the 
left. The specimen, clamped in water- 
cooled copper jaws, was at 2300° F 
when the photograph was taken. 

Figure 9 shows an over-all view of the 
control apparatus, while Fig. 10 con- 
tains a view of the cam-operated 
potentiometer. The synchronous mo- 
tor, at the top right of Fig. 10, drives 
the lead screw through a magnetic 
clutch. The lead screw, in turn, 
moves the carriage at a constant rate, 
thus providing a time base. The 
potentiometer slide wire is mounted at 
right angles to the lead screw and the 
position of the slider is determined by a 
follower acting on the  sheet-metal 
cam, 

Utilizing this time-temperature con- 
trol device, the microstructure at a 
particular point near an are weld can 
be duplicated by subjecting a specimen 
to the exact thermal cycle found at 
that point. This synthetic-specimen 
technique has been utilized in investi- 
gations of the effect of weld thermal 
cycles on the impact strength, stress- 
rupture behavior, corrosion resistance 
and other mechanical and_ physical 
properties of many different structural 
alloys. The results of a few examples 
of these studies will now be presented. 


Knife-Line Attack in 
Austenitic Stainless Steel 


Columbium-stabilized 18% chrom- 


— 
* (B) Same as (A) Plus a Post- 
ser Weld Heat-Treatment - 
4 1200°F for 2 hr 


ium-8% nickel austenitic stainless steel, 


known as AISI Type 347 stainless steel, 

is generally considered a grade that can 

is maintained in the heat-affected zone 

However, the chemical industry has \. . 

experienced attack by corrosion in a : = 

of these steels. This so-called “knife- lire Z 

the synthetic-specimen technique.* >“ +/ 
These studies included the observa- 

tion of changes in the microstructure “J 

due to the weld thermal cycle, and to an — 

additional thermal treatment of 2 hr at (A) After Simulated (5) Same as (A) Plus a Post- 

1200° F. In addition, the effects of Weld ‘© 

Temp 2475°F) 1200°F for 2 hr 


these thermal treatments on the re- 
sistance of the steel to corrosion in 
boiling 65% nitric acid were evaluated. 
The thermal cycles selected for 
synthetically treating the test speci- 
mens were those with peak temperatures 
of 1800, 2000, 2200, 2400, 2475 and 
2500° F. Each of these cycles rep- 
resented the thermal history of one 
specific increment of the weld heat- 
affected zone that occurred when 
welding a 1'/.-in. thick plate with an 
energy input of 30,000 joules per in. 
and no preheat. Figure 11 illustrates 
typical thermal cycles adjacent to 
are welds made under these conditions. 
The weld thermal cycles which 
were synthetically imposed upon the 


test specimens brought about changes (C) After Simulated (D) Same as (C) Plus a Poste 

in the microstructure, subtle ones at Weld Cycle. (Peak Weld Heat-Treatment - 

temperatures up to approximately 2400° Temp 2600°F) 1200°F for 2 hr 

F, and distinct changes above that Fig. 13 Microstructures of Type 347 stainless steel. Regions subjected to simu- 

temperature. ; ; lated weld thermal cycles with and without postweld heat treatment. Etchant, 
The as-received material was fine- mixed acids. X500. (Reduced by '/; upon reproduction) 


grained with the carbide phase well 
dispersed in dot form except for a 
limited number of large inclusions. 
No obvious change was apparent as a 
result of the thermal cycle with a peak 
temperature of 2200° F; this micro- 


structure is shown in Fig. 124. 700 
Grain growth first became noticeable AVERAGE CORROSION RATE 
after 2400° F treatment, as shown in IN 
Fig. 12C. Considerable grain growth 600 BOILING 65% NITRIC ACID 
with complete disappearance of dot a AS A FUNCTION OF 
carbides was produced by the thermal q PEAK TEMPERATURE | 
cycles with peak temperatures of 
2475 and 2500° F, as shown in Figs. a 
13A and 13C, respectively. The larger = 
inclusions, undisturbed by the 2475° F = T 
o AS TREATED WITH TIME-TEMP 
peak thermal cycle, were altered in 4 CONTROLLER TO SIMULATE 
appearance by the 2500° F peak THERMAL CYCLES IN 11/2IN | 
thermal cycle ra TYPE 347 STAINLESS STEEL 
PLATE WITH 30 JOULESAN 
The effect of exposure to elevated 2 AND NO PREHEA 
temperatures on the microstructures & 200 
of the weld heat-affected zone is exem- e 
plified by a study of structural changes FOR 2HRS 
following a 2-hr thermal treatment at 100 ; 
1200° F. The brief time at a peak | 
temperature up to 2200° F produces a nada aa 
grain boundaries. The subsequent 
1200° F thermal treatment, however, PEAK TEMPERATURE (F) 
causes the grain boundaries to be Fig. 14 Average corrosion rate in boiling 65% nitric acid as a function 
readily defined. This is observable by of peak temperatures 
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comparing Fig. 12A with Fig. 12B, 
Fig. 12C with Fig. 12D, Fig. 13A with 
Fig. 13B and Fig. 13C with Fig. 13D. 
The 1200° F postweld treatment of 
the sample subjected to 2400° F peak 
temperature appears to have produced 
a better definition of grain boundaries, 
comparing Fig. 12C and Fig. 12D, 
although the important over-all effect 
is the beginning of grain growth. 

The grain-boundary precipitate be- 
comes of considerable magnitude in 
the postweld-treated sample which 
experienced peak temperatures of 2475° 
F, Fig. 13B, and 2500° F, Fig. 13D. 
To determine whether any physical 
significance was associated with the 
appearance of this precipitate, the 
boiling 65% nitric-acid test was con- 
ducted. The rate of attack on the 
“as-welded”’ specimens was low, ir- 
respective of the peak temperatures 
involved. The 1200° F  postweld 
treatment caused little change in the 
rate of attack on the samples which 
were treated to peak temperatures of 
less than 2400° F. However, the 
1200° F postweld treatment on samples 
which had experienced peak tempera- 


Fig. 15 Over-all of hot-ductility testing apparatus 


severe 
cor- 


tures above 2400° F caused 
susceptibility to intergranular 
rosion, as shown in Fig. 14. 

The region of the weld heat-af- 
fected zone which experiences these 
high peak temperatures of 2400° F 
and above is quite narrow. In a 1!/.- 
in. thick plate welded with an energy 
input of 30,000 joules per in., this region 
is confined to approximately 0.05 in. 
from the weld bead. Therefore, the 
results of this particular test can be 
considered a demonstration of the so- 
called knife-line attack which may 
take place under certain circumstances. 

This behavior might well be ascribed 
to destabilization of the welded Type 
347 stainless steel. In this case, 
exposure to weld thermal cycles with 
peak temperatures in excess of 2400° F 
effects solution of columbium carbide. 
Subsequent sensitization results in 
grain-boundary precipitation of chro- 
mium carbide, chromium depletion of 
the boundary area and susceptibility 
to intergranular corrosion. 


Hot Ductility of High-Temperature Alloys 
The continual increase in the operat- 


WELD THERMAL CYCLES STUDIED 
AND A KEY TO THEIR LOCATION 
2800 
2 
uw 
= 
wo we 
5 
a3 
1600 — — H — a 04 
> 
© 
SS 
800] 
*—NOTE CHANGE IN SCALE L | 
| 


TIME , SEC 
Fig. 17 Weld thermal cycles studied and a key to their location 


8s | JANUARY 1959 


Fig. 16 Close-up of holding fixtures 


ing temperature of steam turbines, the 
more extensive application of gas 
turbines, and recent progress in the 
utilization of atomic energy have all 
resulted in more extensive use of highly 
alloyed heat- and corrosion-resistant al- 
loys. Accompanying the increase in 
the utilization of these materials, the 
importance of fusion-welding tech- 
niques for their fabrication and repair 
has experienced a correspondingly rapid 
growth. This rapid expansion of the 
art of fusion welding into this com- 
paratively new field has left many 
unsolved problems in its wake. 

One of the pressing problems in- 
volved in fusion welding certain high- 
temperature alloys is cracking ex- 
perienced in the heat-affected zone. 
This cracking is presumably caused by 
the combined effects of the weld thermal! 
eycles on the microstructure and stress 
distribution in the heat-affected zone. 
During the production of an are weld, 
the flow of heat from the fusion zone 
subjects the material adjacent to the 
weld zone to extremely rapid thermal 
cycles, and the character of the heat 
flow results in the production of steep 
temperature gradients, high shrinkage 
stresses and triaxiality of stresses. 

Since the problem of heat-affected- 
zone cracking is intimately related to 
the thermal cycles associated with 
welding, the RPI time-temperature 
control device was modified to develop 
testing equipment capable of evaluating 
the effect of weld thermal cycles on the 
elevated-temperature properties of al- 
loys. Essentially, the equipment con- 
sists of a high-speed, hydraulically 
operated, tensile-testing machine, cou- 
pled with a high-speed time-tempera- 
ture control device. The modified 
equipment permits application of a 
tensile load at any point in any given 
thermal cycle. As a result, test speci- 
mens can be subjected to a given 
thermal cycle and broken at any 
predetermined temperature. 

Figure 15 shows an over-all view of 
the testing equipment. The loading 
apparatus appears at the right-hand 
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side, and the data recording equipment 
is visible at the left. The supply 
transformer is located at the extreme 
right end of the loading apparatus, 
and is connected to the water-cooled 
jaws with heavy flexible cables. The 
hydraulic loading cylinder, mounted 
horizontally at the left of the jaws, 
is connected to the  air-hydraulic 
booster, mounted vertically at the left 
end of the loading apparatus, through a 
valve and a_ flow-control 
valve, visible beneath the loading 
apparatus. The load on the specimen 
is measured with an SR-4-type load 
cell, visible between the jaws and the 
loading cylinder, and the total strain 
is measured with a variable permeance 
bridge, mounted directly in front of 
the loading cylinder. The recording 
oscillograph and the strain-transducer 
amplifier are mounted on the cart at 
the extreme left of the photograph. 


solenoid 


a close-up of the 
specimen, a 
visible 


Figure 16 shows 
holding fixtures. The 
0.250-in. diam cylinder, is 
between the two holding fixtures. 

Specimens of this type were subjected 
to thermal cycles, as illustrated in 
Fig. 17, for 1*/.-in. steel 
welded with an energy input of 70,000 
joules per in. The evaluation of the 
effect of weld thermal cycles on the 
elevated-temperature properties of ma- 
terials was conducted in two ways: 

1. Evaluation of the effect of the 
heating portion of the thermal 
cycle alone. 

2. Evaluation of the effect of heating 
to various peak temperatures, 
cooling to indicated inter- 
mediate temperatures and 
testing. 


stainless 


On the basis of tests performed on a 
large number of materials,® the varia- 
tion in the reduction in area with testing 
conditions is believed to provide the 
most significant index of the effect of 
weld thermal cycles on a given material. 

In hot-ductility tests, the thermal 
cycle employed during testing is identi- 
fied by referring to the peak temperature 
involved. This information is supple- 
mented with the terms, ‘‘on heating” 
and “cooled to,’ indicating whether 
the data are based on the above evalua- 
tion procedures 1 or 2, respectively. 
For example, test data obtained by 
heating the material to 2400° F along 
the heating portion of the thermal 
cycle with a peak temperature of 
2400° F and testing the material 
immediately upon reaching the peak 
temperature would be identified by 
the term ‘2400° F on heating.” If 
the specimens were heated to 2400° F 
and cooled to 2200° F using the thermal 
cycle with a peak temperature of 2400° 
F and then tested, the data would be 
referred to as ‘2400° F cooled to 2200° 


F. 
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In a typical investigation of the hot 
ductility of a heat of Type 347 stainless 
steel, specimens would be tested on 
heating at, say, 1600, 1800, 2000, 
2200, 2300 and 2400° F. Once a 
temperature had been reached where 
the on-heating ductility approached 0% 
reduction in area, the alloy would be 
subjected to a series of tests ‘on 
from this particular peak 
A typical series of such 


cooling”’ 
temperature. 


Tested on heating 
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tests would include ‘2400° F cooled 
to 2300° F,” ‘“2400° F cooled to 
2200° F,”’ “2400° F cooled to 2000 ° ey 
“9400° F cooled to 1800° and 
“9400° F cooled to 1600° F.” 
Hot-ductility test results* are pre- 
sented in Fig. 18 for a heat of Type 
347 stainless steel which, during field 
welding, invariably cracked in the 
weld heat-affected zone, and in Fig. 19 
for a heat which gave no trouble during 
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Fig. 18 Hot-ductility test results, Fig. 19 Hot-ductility test results, Type 
Type 347 stainless steel, wrought, 347 stainless steel, RPI code AL 
RPI code B 
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field welding. Although the values 
of reduction in area determined “on 
heating” are not significantly different 
for these two heats, considerable dif- 
ference exists in the “on-cooling” 
behavior. The heat which was prone 
to cracking suffered severe impairment 
in hot ductility when tested on cooling 
from 2400° F, whereas the heat not 
susceptible to cracking only suffered 
slight impairment in on-cooling be- 
havior. 

The results of extensive hot-ductility 
tests appear to correlate with service 
behavior and the test shows promise of 
becoming an extremely valuable tool 
in the study of the factors leading to 
cracking difficulties in high-temperature 
materials. 

Since the brittle failures observed 
both in test and in the field are in- 
variably intergranular, it seems likely 
that a grain-boundary constituent must 
be responsible for the observed embrit- 


tlement. The tests conducted at RPI 
indicate that the origin of the grain- 
boundary constituent may differ with 
different materials. The fact that all 
lots of AISI Type 347 thus far tested 
have shown excellent ductility when 
tested on heating at temperatures up to 
2300-2350° F suggests that the grain- 
boundary constituent in the as-received 
material is either favorably distributed 
or present in such minor proportions 
as to render it relatively ineffectual. 
However, the results of the tests 
performed on cooling from 2400° F 
indicate that a weld thermal cycle 
having a 2400° F peak temperature 
has a profound influence on the be- 
havior, and suggest that the nature of 
the grain-boundary constituent must 
be significantly altered in some materials 
by exposure to weld thermal cycles. 

Two mechanisms are proposed below 
as possible explanations of the observed 
behavior, although at present it is not 
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Approximate microstructures resulting from 


possible to define the exact nature of 
the reaction responsible. 

1. Grain-boundary precipitation re- 
action. If the solubility of some phase 
or mixture of phases exhibits a sharp 
increase in the range of 2400° F, 
it is possible that the redistribution 
of this phase or mixture of phases 
resulting from the rapid weld thermal 
cycles is responsible for the observed 
behavior. That is, upon heating, the 
offending microconstituent dissolves in 
the matrix at elevated temperature 
only to re-appear upon cooling as a 
precipitate occurring preferentially at 
the grain boundaries. 

2. Incipient melting. Another dis- 
tinct possibility is furnished by a 
mechanism involving incipient melting 
at the grain boundaries. If, in the 
original base metal, a phase or mixture 
of phases exists as a discontinuous 
network at the grain boundaries and 
possesses a lower melting point than 
the matrix material, then incipient 
melting can occur. Since, in all prob- 
ability, the solubility of the 
nents present in the surrounding matrix 
is higher when this phase or mixture of 
phases is molten, the effective volume 
of low-melting material may increase 
as the molten phase encroaches on the 
surrounding solid phase, dissolving 
away solid material at the boundaries. 
Depending on the amount of the low- 
melting phase, its distribution and the 
change in solubility accompanying 
the meiting, it is conceivable that a 
discontinuous network could readily 
grow in extent sufficiently to provide a 
continuous network of a low-melting 
phase of slightly different composition. 
This hypothesis would then explain 
the severe loss in ductility observed on 
cooling from 2400° F in some grades, 
since the strength of the entire boundary 
region would be low in the vicinity of 
the melting point of the newly created 
boundary film. 

Furthermore, upon solidification of 
the regions undergoing incipient melt- 
ing, a modification in microstructure 
would be expected as compared to 
that exhibited before melting. This 
would result from the change in com- 
position caused by the solution of the 
surrounding matrix, and could modify 
the mechanical properties at all tem- 
peratures significantly. 

Regardless of which of the above 
hypotheses holds in a particular case, 
two factors would be of importance in 
determining the degree of impairment 
suffered by a given material as a result 
of exposure to 2400° F thermal cycles: 

(a) The concentration of the com- 

ponents involved in the of- 
fending phase. In general, 
higher concentrations of the 
offending components should 
increase the amount of the 
offending phase present and 


com po- 
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thus provide a more nearly 
continuous network of this 
phase at the grain boundaries 
in the original material. 

(b) The grain size of the material. 
In general, for given composi- 
tion, it would be expected 
that a large grain size would 
result in a more nearly con- 
tinuous network of the of- 
fending phase (or mixture of 
phases) at the grain bound- 
aries than would a small grain 
size. This follows from the 
fact that the total grain- 
boundary area, and thus the 
total area of potential sites 
for either reaction occur, 
varies inversely with the grain 
size. 


Studies of the Weld Heat-Affected 
zone of T-1 Steel 

In recent years, a number of new 
constructional steels have been devel- 
oped for applications requiring high 
yield strength, good weldability and 


good low-temperature toughness. One 
of these materials is “T-1” 


steel, a 
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Fig. 23 Photomicrographs of the structures produced by each of the thermal cycles studied. 
Hardness, Vickers Pyramid Numeral (VPN), is given for each microstructure. 
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iow-carbon, low-alloy steel used in the 
quench-and-tempered condition. 

In the case of hardenable 
containing moderate amounts of carbon, 
the rapid cooling rates associated 
with ordinary weld-thermal cycles gen- 
erally cause formation of brittle marten- 
site in the heat-affected zone. The 
presence of the martensite is invariably 
accompanied by a deterioration of 
notch toughness in this region. Since 
postheating is not always possible, the 
alternative solution requires a reduction 
of the cooling rates after welding by 
either preheating or by increasing 
the energy input during welding. 

For alloy steels containing low per- 
centages of carbon, on the other hand, 
notch toughness may be high in the 
as-welded state, even in the absence 
of preheat or high energy inputs. 
This good toughness may be explained 
by the presence of low-carbon mar- 
tensite, which has excellent properties 
in the quenched condition. 

When a low-alloy steel, such as 
“T-1,” which has been quenched and 
tempered to obtain its optimum prop- 
erties, welded, consideration 


steels 


is to be 
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1000° F peak 


VPN421 


2200° F peak 


(Reduced by 


must be given to the metallurgical 
changes which occur in the weld heat- 
affected zone. Samples of T-1 steel 
were subjected, utilizing the RPI 
synthetic-specimen technique, to heat- 
affected-zone thermal cycles attending a 


weld made at normal conditions in 
'/-in. plate.’ Figure 20 illustrates 


the time-temperature cycles employed, 
and indicates the relative location of 
the equivalent positions in the heat- 
affected zone of a weld. The resultant 
microstructures were evaluated by im- 
pact testing of Charpy Vee-notch 
specimens. The details of the specimen 
preparation used in the synthetic- 
specimen technique are shown in Fig. 
21. 

In a summary plot of the transition- 
temperature data obtained from impact 
tests, Fig. 22, changes are evident in 
the fracture-transition (50% shear frac- 
ture) temperature as the peak tempera- 
ture of the thermal cycle increases. 
The general trend indicates a steady 
rise in fracture-transition temperature 
location of the structure ap- 
fusion zone. An ex- 


as the 
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ception to this general trend results 
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2% picral etch, X 500. 
3 Upon reproduction) 
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from the fine-grained structure ob- 
tained by heating to 1800° F. The 
ductility-transition (10 ft-lb energy 
absorption) temperature is also plotted 
as a function of peak temperature in 
Fig. 22. At first, a general lowering 
of the ductility-transition temperature 
is indicated in the structures receding 
from the weld fusion line, but at greater 
distances the ductility-transition tem- 
perature gradually increases to that of 
unaffected plate. Also included in 
Fig. 22 are the approximate micro- 
structures resulting from the exposure of 
T-1 to the thermal cycles employed in 
the investigation. Typical micro- 
structures are shown in Fig. 23 along 
with the hardness values, expressed in 
terms of Vickers Pyramid Numerals 
(VPN). Specimens which were exposed 
to thermal cycles which exceeded the 
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Fig. 25 Cross-sectional view of the 
high-speed dilatometric apparatus 
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effective As; temperature of the T-1 
steel exhibited a low-carbon mar- 
tensite structure. As may be seen by 
reference to Fig. 22, the impact prop- 
erties of these low-carbon marten- 
sites are outstanding. 

If cooling rates after welding T-1 
steel are reduced, a deterioration in 
notch toughness may be expected, 
since microstructures other than that 
of low-carbon martensite will be formed. 
In practice, it is found that pressure- 
vessel steels, such as T-1l, are often 
preheated prior to welding. This 
may be done by the fabricator as a 
matter of custom, or to minimize the 
effect of hydrogen, a potential source of 
underbead cracking. Furthermore, if 
submerged-are techniques are employed, 


sirable to investigate the properties of 
the heat-affected zone of T-1 after 
exposure to the weld thermal cycles 
resulting after preheats or high-energy 
inputs, i.e., those involving slow cooling 
rates. The transformational behavior 
of T-1 upon continuous cooling also 
appeared to be of interest, since in 
this way it would be possible to cor- 
relate systematically cooling rates after 
welding with microstructure and with 
mechanical properties. 

The transformation of T-1 steel 
upon continuous cooling was investi- 
gated by thermal-evolution techniques.’ 
The thermal-analysis apparatus used 
for the investigation is illustrated in 
Fig. 24. Specimens, '/s- x '/s- x 0.050- 
in., were austenitized for fifteen seconds 


high-energy inputs might readily be at 2000° F by means of a tungsten 
anticipated. Therefore, it seemed de- resistance-heating coil. An inert at- 
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Fig. 26 Actual weld thermal cycles indicated on continuous-cooling transformation 


diagram, T-1 steel 
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Fig. 27 Ductility- and fracture-transi- 
tion temperatures vs. initial plate 
temperature, '/»-in. T-1 steel, 47,000 
joules/in., 2400° F peak temperature 
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Fig. 28 Ductility- and fracture-transi- 
tion temperature vs. cooling rate at 
900° F, '/.-in. T-1 steel 
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Fig. 29 Energy absorbed in ft-lb vs. 
cooling rate at 900° F, '/.-in. T-1 steel 


mosphere of helium or argon gas was 
used both for protection from oxidation 
and as a cooling medium. Various 
cooling rates were obtained by reducing 
the current through the heating coil 
at a controlled rate and by regulating 
the gas flow around the specimen. 
Experimental details of this apparatus 
have been described more fully in the 
literature.° 

Temperature was measured by means 
of 0.010-in. diam chromel-alumel ther- 
mocouples percussion welded to the 
specimen. <A_ high-speed oscillograph 
was employed to obtain a permanent 
record of the thermal cycle. 

Supplementary information on the 
transformation characteristics of T-1 
was obtained through the application 
of high-speed dilatometry.'* " 
mens consisted of hollow cylinders 
1/, in. in length, */s in. ID, and !%/y in. 
OD. To minimize oxidation upon 
heating, the cylinders were copper 
plated, using first a cyanide strike 
solution, followed by an _ acid-sulfate 
plate. 


Speci- 


Specimens were heated to 2000° F 
in a helium atmosphere by means of a 
high-frequency induction-heating unit. 
Cooling rates after austenitization were 
controlled by regulating the rate of gas 
flow over the specimen. Temperatures 
were 0.010-in. diam 
chromel-alumel thermocouples percus- 
welded to the inner and outer 
surfaces of the cylindrical specimens. 
The output of the thermocouples was 
recorded by an oscillograph. 


measured by 


sion 


Dilation was measured by use of an 
optical-grating extensometer consisting 
of a stationary grating parallel to a 
movable grating attached to the speci- 
men. Light from a source was trans- 
mitted through the grating to a photo- 
tube. The variation in phototube out- 
put with specimen dilation was relayed 
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Fig. 30 Summary of weiding condi- 
tions which produce a cooling rate of 
6.5° F/sec at 900° F, T-1 steel 


by an amplifier circuit to the oscillo- 
graph. A cross-sectional view of the 
high-speed dilatometer is given in 
Fig. 25. Further details of the experi- 
mental apparatus, developed previously 
at RPI, have been given in the litera- 
ture." 

By austenitizing a large number of 
specimens and observing their thermal 
and dilation behavior upon cooling, the 
continuous-cooling transformation dia- 
gram, shown in Fig. 26, was determined 
for T-1. The values of Ae; and Ae; 
temperatures indicated are those 
supplied by the steel supplier’s labora- 
tories. Also shown on the continuous- 
cooling transformation diagram are 
the actual weld thermal cycles in- 
vestigated to determine the effects of 
high-energy inputs and preheats on 
the impact performance. 

Table 1 summarizes the thermal 
cycles investigated and gives the results 
of Charpy Vee-notch data of the speci- 
mens produced by the synthetic-speci- 
men technique. 
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Fig. 31 Synthetic-specimen micro- 
structure (thermal cycle 3b, Table 1 
and Fig. 26). 2400° F peak tempera- 
ture, 200° F initial plate temperature, 
47,000 joules/in. VPN 379. Picral 
etch, X 1000. (Reduced by '/; upon 
reproduction) 


~~ ry 
*) 
a ~ 4 


Fig. 32 Synthetic-specimen micro- 
structure (thermal cycle 3c, Table 1 
and Fig. 26). 2400° F peak tempera- 
ture, 300° F initial plate temperature, 
47,000 joules/in. VPN 336. Picral 
etch, X 1000. (Reduced by '/; upon 
reproduction) 


27 summarizes the effect of one of these 
variables, namely, initial plate tempera- 
ture, on the ductility and fracture 
transitions of T-1 subjected to thermal 
cycles with a 2400° F peak temperature 


Table 1—Results of Charpy Vee-Notch, Impact-Temperature Data 


Specimens produced by thermal cycles simulating welding conditions in '/,-in. T-1 steel 


Initial 

Energy plate Peak 
Thermal input, lemyp., temp., 

cucle J /in. F 
3a 47 , 000 72 2400 
3b* 17 , O00 200 2400 
3ct 47 , O00 300 2400 
3d 47 , 000 500 2400 
3e 75,600 72 2400 


Weld Transition lemp., 
Hard- cooling rate 
ness, al S00°F, Duc- Frac- 
VPN F/sec tility ture 
393 12.8 , 138 + § 
379 8.7 100 + 25 
336 6.3 17 + 68 
321 2.5 + 26 +152 
329 $5 16 + 7) 


* Microstructure shown in Fig. 31. 
+ Microstructure shown in Fig. 32. 


Examination of Table 1 indicates a 
marked toughness with 
either increasing initial plate tempera- 
Figure 


decrease in 


ture or increasing energy input. 


attending an input of 47,000 
joules per in. in '/:-in. plate. A 500° F 
preheat, for example, raises the ductil- 
ity-transition temperature from —138 


energs 
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Fig. 33 Continuous-cooling transformation diagram, boron-treated alloy steel, 
cooled from austenitizing temperature of 2100° F 
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to +26° F, with a similar effect upon 
fracture-transition temperature. 
creasing energy input is observed, as 
illustrated in Table 1, to have an anal- 
ogous effect upon toughness. 

The poor impact behavior in the heat- 
affected zone of specimens welded under 
conditions of high initial plate tempera- 
ture or high-energy input may readily 
be rationalized on the basis of micro- 
structure. With increasing preheats 
and/or energy inputs, the cooling rate 
after welding is decreased, and as a re- 
sult, low-carbon martensite is gradually 
replaced by a mixture of ferrite and 
high-carbon martensite or bainite. 

It was considered advisable to es- 
tablish some single parameter which 
would permit prediction of impact 
performance, rather than relate tough- 
ness to both initial plate temperature 
and energy input. Toughness is, of 
course, highly structure sensitive. 
Therefore, since microstructure, cooling 
rate, initial plate temperature and 
energy input are so closely  inter- 
related, it was felt that impact per- 
formance could be satisfactorily equated 
to cooling rate. Examination of the 
continuous-cooling transformation dia- 
gram, Fig. 26, suggested that the 
cooling rate at 900° F would probably be 
the most sensitive index to microstruc- 
ture and hence to toughness. The 
transition temperatures as a function of 
cooling rate at 900° F for '/:-in. plate 
experiencing thermal cycles with peak 
temperatures of 2400° F are shown in 
Fig. 28. 

As a criterion for the specification of 
welding conditions which produce re- 
sistance to brittle failure, the ability of 
the material to absorb at least 10 
ft-lb of energy at —50° F was selected. 
With this criterion as a basis, it is 
seen from Fig. 29 that a minimum 
cooling rate of 6.5° F/sec is required. 
From previous work,! it is possible to 
predict the welding conditions which 
will produce cooling rates of this value. 
These conditions are summarized graph- 
ically in Fig. 30 and are compiled in 
Table 2. Since notch toughness is a 
function of microstructure, it has been 
possible to define welding conditions 
that produce cooling rates of 6.5° F/see 
in plate thicknesses other than '/»2 in. 
The relationship between a thermal 
cycle experiencing a cooling rate of 
6.5° F/see at 900° F and the thermal 
cycles studied in this investigation is 
shown on the continuous-cooling trans- 
formation diagram presented pre- 
viously in Fig. 26. 

Typical microstructures of the heat- 
affected zone are shown in Figs. 31 
and 32 for thermal cycles labelled 3b 
and 3c, respectively, in Table 1 and 
Fig. 26. The microstructure in Fig. 
31, produced with 47,000 joules per in. 
and a 200° F preheat, experienced a 
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Table 2—Maximum Energy Input in Joules per Inch for a Variety of Preheat 
Temperatures and Plate Thicknesses in T-1 Steel 


Based on Minimum Impact Performance of 10 ft-lb (Charpy Vee Notch) at —50°F. 


section, had resulted in the determina- 
tion of continuous-cooling transforma- 
tion diagrams'* of a limited number of 
steel compositions. These diagrams, 
covering a range of austenitizing tem- 


72 36, 000 70,000 121,000 Any Any Any of a system ol predicting the micro- 
200 29,000 56,000 99,000 175,000 Any Any structures of the heat-affected zone. 
300 24,000 47,000 82,000 126 , 000 175,000 Any A boron-treated alloy steel was 
400 20,000 40,000 65,000 93,000 127,000 165, 000 chosen for the test!* because its harden- 
500 15,000 34,000 51,000 70,000 88, 000 106 , 000 ability showed an abrupt decrease at 
temperatures above 2100° F. This 
apparent loss of the contribution of 


cooling rate of 8.7° F per sec at 900° F, 
whereas the microstructure in Fig. 32, 
produced with 47,000 joules per in. 
and a 300° F preheat, experienced a 
cooling rate of 6.3° F per sec at 900° F, 
whereas the microstructure in Fig. 32, 
produced with 47,000 joules per in. and a 
300° F preheat, experienced a cooling 
rate of 6.3° F per sec at 900° F. This 
latter cooling rate approximates the 
minimum cooling rate of 6.5° F/sec 
at 900° F which is required to produce 
satisfactory toughness, as defined by 
the ability to absorb 10 ft-lb of energy 
at —50° F. 

In summary, preheating of T-1 may 
be necessary under welding conditions 
involving high restraint, moisture on 


energy inputs are required for welding 
T-1, limitations of these welding 
variables may be necessary if notch 
toughness of the heat-affected zone is 
to be preserved. These limitations in 
preheat and/or energy input are only 
restrictive in relatively thin plates; 
in thicker plates these limits pose little 
or no problem. 


Prediction of Weld Heat-Affected Zone 
Microstructures 

If complete information were avail- 
able on the continuous-cooling trans- 
formation data of a particular steel, it 
would be possible to combine this 
information with weld thermal-cycle 
data and predict the weld heat-affected- 


boron to hardenability after austeni- 
tizing at elevated temperatures is 
commonly recognized, but has not yet 
been completely explained. A contin- 
uous-cooling transformation diagram 
for this boron-treated alloy steel is 
shown in Fig. 33 for an austenitizing 
temperature of 2100° F. 

A transformation-isotherm diagram, 
derived Fig. 33 and from con- 
tinuous-cooling transformation  dia- 
grams for other austenitizing tempera- 
tures, is presented in Fig. 34. Briefly, 
continuous - transformation 
curves obtained for a number of austeni- 
tizing temperatures are replotted to show 
transformation temperatures as a func- 
tion of the time to cool from 1300 to 
1100° F. A line is drawn through 


from 


cooling 


the steel, too-high moisture content in zone microstructures for that steel. points showing the beginning of trans- 
the electrodes, or low ductility of The development of a_ high-speed formation at a given temperature 
weld metal. When preheating or high dilatometer", described in the previous (in° F) as a function of both the 
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Fig. 36 Comparison of base-n.etal critical cooling times 
with weld-cooling times within the completely austenitized 
region of the heat-affected zone in a |-in. boron-treated 
alloy-steel plate welded with 100,000 joules/in. and a pre- 
heat of 500° F 


Fig. 35 Comparison of base-metal critical cooling with 
calculated weld-cooling times within the completely austeni- 
tized region of the heat-affected zone of a 1-in. boron- 
treated alloy-steel plate welded with 100,000 joules/in. 
and a preheat of 400° F 
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Fig. 37 Coarse grains of martensite 
near the fusion line in the heat- 
affected zone of the weld made with 
500° F preheat, 0.5% nital etch, 
X 500 


time to cool from 1300 to 1100° F 
and the austenitizing temperature. 
Such a diagram conveniently sum- 
marizes the transformations on con- 
tinuous cooling at various quenching 
rates as a function of austenitizing 
temperatures. 

The lowest curve on Fig. 34 does not 
bear a transformation-temperature des- 
ignation. This curve represents the 
maximum cooling time which produces 
an entirely martensitic structure. Be- 
cause the austenitizing times used in 
preparing this transformation diagram 
were brief, to approximate the austeni- 
tizing conditions in a_ heat- 
affected zone,” the temperatures of 
transformation along this curve de- 
crease with increasing austenitizing 
temperatures as carbide solution be- 
comes more complete. 

The shape of the time-to-cool curve 
for 100% martensite formation is not 
a simple function of the austenitizing 
temperature. From 1800 to 1900° F, 
the hardenability increases as carbide 
and alloy solution become more com- 


plete. At higher temperatures, the 
hardenability decreases drastically be- 
cause of the loss of effectiveness of 
boron at high austenitizing tempera- 
tures. Above 2100° F, rapid grain 
growth, coupled with nearly complete 
solution of alloys and carbon, causes 
ab inerease in the hardenability. The 
minimum in hardenability at austeni- 
tizing temperatures near 2100° F 
indicates that there must exist a set 
of welding conditions which would 
produce a heat-affected zone consisting 
entirely of martensite except for a 
thin band of nonmartensitic decom- 
position products located at some 
intermediate distance between the fu- 
sion line and the outer edge of the heat- 
affected zone. The prediction and 
formation of this structure provide a 
critical and unequivocal test of the 
system of calculated weldability. 
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Fig. 38 Coarse grains of martensite 
near the fusion line in the heat- 
affected zone of the weld made with 
400° F preheat, 0.5% nital etch, 
X 500 


From the thermal-cycle data pre- 
viously presented, the thermal history 
of any point in the heat-affected zone of 
an are weld can be calculated. Cal- 
culated welding cooling time, expressed 
in time to cool from 1300 to 1100° F, is 
plotted as a function of distance from 
the weld centerline in Fig. 35 for a 
weld made in 1-in. plate with an energy 
input of 100,000 joules per in. and a 
preheat of 400° F. Also plotted in 
Fig. 35 is the cooling time to form 100% 
martensite for the boron-treated steel 
under consideration. These data for 
cooling time to form 100% martensite 
were calculated from the lowest curve 
in the transformation-isotherm diagram, 
Fig. 34. Figure 36 presents data 
similar to that of Fig. 35, except that 
the preheat temperature was selected 
at 500° F instead of at 400° F. 

According to Fig. 35, a weld made 
with an evergy input of 100,000 joules 
per in. and a 400° F preheat should have 
a heat-affected zone consisting almost 
entirely of martensite. Figure 36, 
on the other hand, indicates that with 
the same energy input, but with a 
preheat of 500° F, the heat-affected 
zone should contain varying amounts of 
nonmartensitic decomposition products. 

The microstructures found in the 
heat-affected zone of a test weld made 
at 100,000 joules per in. with a preheat 
of 400° F were martensitic, as had 
been predicted. However, the weld 
made with a preheat of 500° F had a 
heat-affected zone consisting of a 
narrow band of nonmartensitic prod- 
ucts, enclosed on either side by mar- 
tensite. In this latter case, the heat- 
affected zone contained somewhat more 
martensite than had been predicted. 
Figure 37 shows coarse grains of 


martensite near the fusion line of the 
500° F preheat weld, while Fig. 38 
shows the same microstructure at the 
corresponding region of the 400° F 
preheat weld. 


the heat-affected zone of the weld 
made with 500° F preheat, 0.5% 
nital etch, X 500 


Fig. 40 Region of the heat-affected 
zone of the weld made with 400° F 
preheat which corresponds in relative 
location to the region of Fig. 38. The 


0.5% 


structure is entirely martensitic. 
nital etch, X 500 


Fig. 41 Top: The high-speed dila- 
tometer and specimen. Bottom: The 
high-speed dilatometer with specimen 
in position 


Fig.39 Nonmartensitic structure within 
7 


Figure 39 shows patches of ferrite 
and carbide among grains of martensite 
within the heat-affected zone of the 
500° F preheat weld. This structure 
results as a consequence of the decrease 
in hardenability of the steel at austeni- 
tizing temperatures in the neighbor- 
hood of 2100° F. Figure 40 shows the 
entirely martensitic structure of the 
weld made in the 400° F preheat at a 
position corresponding in relative loca- 
tion to that of Fig. 39. 

In view of the complexity of different 
separate experimental data which were 
used in predicting the weld micro- 
structures, a fair degree of success can 
be claimed the of the test 
welds. The lack of agreement between 
calculated and experimental weld mi- 
crostructures can best be explained by 
the unreliability of weld thermal-cycle 
data at extremely high-energy input 
and preheat temperatures. 


on basis 


Development of a High-Speed Dilatom- 
eter for Determination of Continuous- 
Cooling Transformation Diagrams Ap- 
plicable to Thermal Cycles of Welding 
Several factors led to the development 
of a high-speed dilatometer for the 
determination of continuous-cooling 
transformation diagram applicable to 
rates of heating and cooling associated 
with welding. First, the of the 
thermal-evolution technique, pre- 
viously described, indicated difficulties 
in determining the continuous-cooling 
transformation temperatures for non- 
martensitic products. In the absence 
of any transformation, a plot of the 


use 


logarithm of temperature as a function 
of time approximated a straight line 
for the cooling conditions studied. 
The beginning of the martensitic reac- 
tion produced a marked departure from 
linearity on such a plot and thus the 
M, temperature could be determined 


with reasonable accuracy by the 
thermal-evolution method. However, 
since the transformation to other 
products time-dependent, no 


sharply defined point of departure from 
linearity could be established from the 
logarithmic cooling plot. Thus, at 
best, only a rough approximation of 
the transformation temperature could 
be obtained for nonmartensitie prod- 
ucts. 

The consideration in the 
determination of continuous-cooling dia- 
grams was the effect of heating rate on 
the transformation behavior of the 
steels. At the rapid heating rates 
involved in welding, the effective upper 
critical temperature (Ac;) is raised 
considerably. This upper critical tem- 
perature may be defined as the tempera- 
ture at which residual proeutectoid 
ferrite (for hypoeutectoid 
completely transformed to austenite on 
heating. 

In addition to raising the upper 
critical temperature, rapid heating also 
influences the degree of homogenization 
of austenite, and thus the continuous- 
cooling transformation behavior of the 
steels. The rapid heating and the short 
times at peak temperature experienced 
heat-affected zones, in general, 
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steels) is 
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Fig. 42 Continuous-cooling transformation diagram, medium-carbon 


Mn-Mo steel. 


Hardness, Vickers Pyramid Numeral (VPN), is given for 
microstructures resulting from each cooling curve 
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would produce an inhomogeneous aus- 
tenite. 

The problem of determining contin- 
uous-cooling diagrams which will be 
applicable to the prediction of micro- 
structure in the heat-affected zone of 
welds thus can best be attacked by a 
method that duplicates the weld heating 
rates and the degree of homogenization 
provided by the short times at peak 
temperatures. This problem has been 
solved, at least in part, by the develop- 
ment of a_ high-speed dilatometer 
designed for use with the RPI time- 
temperature controller, the salient fea- 
tures of have been described 
previously. 

To facilitate adaptation of the high- 
speed dilatometer to the existing clamp- 
ing fixture, 0.42— x 042— x 3-in. 
specimens were machined with a 1-in. 
long portion at the center having a 
0.250-in. diam, with a 45-deg transition 
shoulder. 


which 


Figure 41 shows the general features 
of the dilatometer which employ two 
quartz rods to gage variation in the 
transverse diameter of the specimen. 
These rods are held in contact with the 
specimen of ad- 
justing screws and cause deflection of 
two cantilever-mounted strips to which 
strain gages are attached. A _ typical 
dilatometer specimen is also shown in 
Fig. 41. The strain gages, arranged 
in a four-element bridge circuit, provide 
a signal proportional to the transverse 
dilation. By connecting this signal, as 
well as the output of the control thermo- 
couple to a multi-channel oscillograph, 
simultaneous dilation vs. 
time and temperature vs. time are 
provided throughout the thermal cycles 
under study. 


surtace by means 


records of 


As an illustration of the use of this 
equipment, the continuous-cooling 
transformation diagram of a medium- 
carbon Mn-Mo steel is presented in 
Fig. 42. This diagram was obtained 
from dilatometric made at 
cooling rates ranging from 145° F/see 
to 3° F/sec. It should be noted that 
all cooling rates were held constant 
except the actual weld cooling rate 
and the cooling curve labelled 145° F 
1300° F. The latter cooling 
cycle was obtained by merely inter- 
rupting the heating current and al- 
lowing the to cool at its 
maximum rate. 

In studying the transformational 
behavior of this steel, it was desired to 
duplicate the thermal cycles encoun- 
tered in the heat-affected zone of a 
weld. In this particular case, dilato- 
metric specimens were heated using an 
actual weld thermal cycle with a 
peak temperature of 1600° F associated 
with an energy input of 47,000 joules 
per in. in '/;-in. plate. 


curves 


sec at 


specimen 


Figure 42 also shows the hardness 


values (VPN) of the specimens which 
were subjected to various cooling rate 

determining the continuous-cooling 
diagram. It may be noted that, 
although at a cooling rate of 30° F/sec 
some high-temperature products of 
transformation are formed together 
with martensite, the hardness of the 
steel still corresponds to that of as- 
quenched martensite. However, as the 
cooling rate decreases, the resulting 
hardness decreases, as expected, since 
more of the nonmartensitic transforma- 
tion products are formed at the ex- 
pense of the martensite. 


Closure 


Although great progress has been 
made in the investigation of the heat- 
affected zone, much remains to be done 
in this challenging and complex area of 
welding research. Indeed, the reduction 
of weldability to a series of computa- 
tions will depend on a complete under- 
standing of the interrelationships be- 
tween the individual mechanical and 
physical properties of the microstruc- 


tures of the base plate, heat-affected 
zone and the weld metal. 
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RESEARCH NEWS 


Conference on Fracture 


The National Academy of Sciences- 
National Research Council has an- 
nounced that a seminar on the atomic 
mechanisms of fracture will be held in 
Cambridge, Mass., April 12-14, 1959. 
Open to interested technical persons, 
this conference will feature invited 
papers from the U.S. and abroad on the 
following topics: theoretical aspects of 
fracture; cleavage; crystalline and non- 
crystalline fracture; fatigue and ductile 
fracture; and high-temperature frac- 
ture. 

The conference is being sponsored 
jointly by the National Science Founda- 
tion, Office of Naval Research, Air Force 
Office of Scientific Research and the 
National Academy of Sciences-Na- 
tional Research Council. Further in- 
formation will be available from Dr. 
B. L. Averbach, chairman, or Dr. D. K. 
Felbeck, secretary, Conference on Frac- 
ture, National Academy of Sciences- 
National Research Council, Washington, 
D.C. 
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Electron Optics Brochure 


New 16-page Booklet RC 178A, con- 
taining data on Norelco electron optical 
instruments, is available from the Instru- 
ments Division, Philips Electronics, 
Inc., 750 S. Fulton Ave., Mount Ver- 
non, N. Y. 

Separate sections of the booklet are 
devoted to the EM-100B and EM-75B 
electron microscopes, the PMR X-ray 
microscope, and the CMR contact 
microradiographie unit. Photos, mi- 
crographs and diagrams show details 
of construction, accessories and appli- 
cations. 

The text on the EM-100B electron 
microscope covers the pumping unit, 
electronics, high voltage supply, col- 
umn, gun, magnetic beam alignment, 
condenser and aperture, beam wobbler, 
objective lens and compensator, wide 
field scanner, diffraction, intermediate 
and projector lenses, reflection-diffrac- 
tion sample manipulator, 35-mm cam- 
era, front end plate camera, micron 
marker, insert screen with binocular 
viewer, image brightness comparator, 
2 by 2-in. plate camera, operating con- 
trols, and high contrast micrography. 

The EM-75B electron microscope 
section discusses the electron gun, pump- 
ing unit, electrical components, column, 
console, and X-ray microscopy con- 


version. The PMR X-ray microscope 
text covers the electron optical system, 
viewing screen, specimen holders, ap- 
plications, and electron microscopy con- 
version. Two pages are devoted to the 
CMR contact microradiographic unit 
where a diagram clearly shows the prin- 
ciple of operation. Complete specifica- 
tions are included for each of the four in- 
struments. 


Chromium Steels 


Elevated Temperature Properties of 
Chromium Steels, STP 228, 124 pages, 
paper cover, 81/2 x 11 in., $4.25. Pub- 
lished by the American Society for 
Testing Materials, 1916 Race St., 
Philadelphia 3, Pa. 

This report is a graphic summary of 
the elevated-temperature strength prop- 
erties for chromium steels. It includes 
data on tensile strength, yield strength, 
elongation, rupture and creep proper- 
ties. Twenty-three alloys are covered 
ranging from 12 to 27% chromium. 

This is one of a series of reports on 
elevated-temperature strength proper- 
ties of various metallic materials pre- 
pared under the auspices of the Data and 
Publications Panel of the ASTM-ASME 
Joint Committee on Effects of Tempera- 
ture on the Properties of Metals. 

(Continued on page 38-s) 
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Welding Stainless Steel to Carbon or Low-Alloy Steel 


WRC interpretive report traces the historical record of development 
and successful application of the practice of welding stainless steels to ordinary steels, 


BY JOHN J. B. RUTHERFORD 


ABSTRACT. The AMERICAN WELDING 
Soctety has published as D10.4-55T, a 
report on “The Welding of Austenitic 
Chromium-Nickel Steel Piping and Tub- 
ing.”’ The foreword to this report states 
that these articles have been satisfactorily 
welded for many years; however, in spite 
of this background of experience, diffi- 
culties have arisen more recently concern- 
ing high-temperature steam piping. Spe- 
cifically, problems exist in making welded 
joints of Type 347 stainless steel for 1050° 
F steam utility units, which had not been 
recognized before. In a similar manner, 
stainless steels have been welded to ordi- 
nary steels for about thirty years with 
very satisfactory results, although some 
recent applications have encountered 
problems which restrict the use of this 
practice. This paper traces the historical 
record of development and _ successful 
application of this practice, considers 
difficulties which have arisen, proposes 
aids and limitations to the practice of 
welding stainless to ordinary steel. 


introduction 

The procedures used in welding stain- 
less steels are quite distinctive from 
those used in welding ordinary steels 
or low-alloy steels. In the first place, 
there are practices which are unique 
to materials being used in the environ- 
ments calling for stainless steels—of 
the numerous types and grades. The 
stainless steels are inherently more 
complex because of the variety in 
high-alloy content. The stainless steels 
are substantially different in their 
mechanical and _ physical properties 
from ordinary steels, and the more 
common varieties of stainless, being 
austenitic at all temperatures, have an 
entirely different response to heat 
treatment. The service application of 
stainless-steel components is generally, 
but not necessarily, more critical than 
like parts of ordinary steels. The 
austenitic stainless steels obtain highly 
desirable mechanical and chemical prop- 
erties both at very high and at very 
low temperatures. These and many 
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considers difficulties which have arisen, and proposes aids and limitations 


other features are so distinctive that a 
large proportion of the current welding 
literature deals exclusively with the 
welding of stainless steels. The Welding 
Handbook, Third Edition, for example, 
devotes eight pages to Iron, Wrought 
Iron and Carbon Steels; whereas it 
utilizes fifty-two pages to describe 
Chromium Irons and Steels, and Aus- 
tenitic Chromium-Nickel Stainless 
Steels. The American Welding Society 
published in 1955 an excellent report 
D10. 4-55T, “The Welding of Austenitic 
Chromium-Nickel Steel Piping and 
Tubing,’’ which, although restricted 
to one class of product, contains much 
information of universal application. 

Stainless steels of the austenitic 
variety offer high creep strength at 
elevated temperatures in addition to 
resistance to scaling, oxidation, carbu- 
rization and general wastage in com- 
bustion atmospheres. However, in 
application to continuous processing, 
it is frequently sound economically to 
use carbon or low-alloy steel (in chemical 
processes involving hydrogen) at the 
lower temperature range. This requires 
a junction or transition between the 
metals selected for the different tem- 
perature ranges of operation. This 
paper deals with the fabrication and 
service behavior of this junction. 


Early History 


In studying the background of 
welding steels with other 
materials, there is no need to go back 
further than the commercial develop- 
ment of stainless steels; which es- 
sentially coincides with the commercial 
application of the metal-are welding 
processes for steel. 

About 1925, steam generation for 
power and oil heating for refining were 
performed in tubular furnaces. The 
demand of production required in- 
creased heating rates and, consequently, 


stainless 


higher metal temperatures in the 
operating parts. This reached a stage 
where refinery furnaces and _ boiler 


superheaters were “burning out” at 
such a rate that they were reaching an 


economic limitation. The only engi- 
neering material in common use for 
construction at this time was steel, 
which was of only one class and cor- 
responded, in a way, to the low-carbon 
steel of today. The high-chromium 
stainless steels were in process of being 
developed for the chemical and food 
industries. These steels were originally 
developed as heat-resisting steels for 
thermocouple sheathes, gun liners, gas- 
engine components, etc., so that their 
resistance to scaling or wastage at 
high temperatures was recognized. Fer- 
ritic stainless steels, then later austenitic 
stainless steels, were placed in service 
as still tubes and superheater tubes 
with considerable success. The cost 
of the stainless-steel equipment was 
much higher than that of carbon steel 
and the economic risk was great. Obvi- 
ously, the complete installation could 
not be converted to stainless, so gener- 
ally the cooler sections remained of 
steel while the hotter sections approach- 
ing the product outlet was converted to 
stainless. The connection between 
these two grades of material at that 
time was mechanical, al- 
though occasionally gas welding was 
employed. These connections were 
mainly between tubes and return-bend 
fittings, headers or drums. 

The depression, starting in 1930, 
brought a demand for a steel to be 
suitable for high-temperature service, 
but, intermediate in price between the 
stainless grade 18-8 and low-carbon 
steel. The first of a new series of steels, 
containing 5% chromium and 0.5% 
molybdenum, proved well suited for 
refinery tubing service. The next 
ten years saw this series expanded to 


generally 


contain varying chromium ranges at 
small intervals, in addition to molyb- 
denum, tungsten, vanadium, 
aluminum, etc., to a total of about 140. 
The War Production Board during 
World War II reduced this number to 
about five, which have remained the 


silicon, 


standard alloys since. 
The experience obtained in heating 
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corrosive crudes for refinery processing 
was that the ends of the still tubes, 
for about 18 in., would corrode much 
faster than the main section. It 
became common practice to salvage 
these tubes by cutting back and then 
welding on a section taken from a 
new tube, or else to “safe-end” by 
welding a short length of higher alloy to 
each end of the tube. This practice 
grew till the tube manufacturer installed 
flash-welding equipment to make “‘safe- 
ended” refinery tubing. Such a product, 
composed of a ferritic, low-alloy com- 
position in the body, and austenitic 
stainless-steel ‘“‘safe-ends,”” has given 
satisfactory service during the past 
twenty years 

Another significant aspect of this 
picture Jay gradual conversion 
from acetylene to metal-are welding. 
This led to an improvement in equip- 
ment fabrication and expanded appli- 
cation to the chemical industry. — Lit- 
erature published in 1935 shows general 
recognition of the alloy dilution which 
occurs when a stainless plate is welded, 
for example, to steel reinforcing mem- 
bers. This problem was treated mainly 
with a view to the effects of dilution on 
chemical service. Stainless-steel com- 
posite plate was manufactured at 
this time by hot rolling to effect a 
pressure weld. The bond was quite 
satisfactory and permitted bending and 
deep drawing in spite of the sharp 
demarcation of properties between the 
stainless steel (generally 18-S Ti) and 
the carbon steel. The problems in 
this process were mainly sealing the 
original sandwich to eliminate oxidation 
and resulting lack of bonding, and the 
insertion of ‘“‘pure iron” between the 
stainless and the carbon steel to prevent 
carbon migration to the stainless. 

At this same time, austenitic stainless- 
steel electrodes became commercially 
available and were used frequently 
to repair pearlitic or ferritie chromium 
steels. One of the more unique ap- 
plications of stainless-steel welding 
electrodes at this time was to face steel 
propellers for ship usage to eliminate 
the problems from cavitation. 

Immediately following 1940, there 
was a tremendous expansion in the 
construction of petrochemical plants 
for special fuels, synthetic rubber, 
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5% chromium oil-heating tube failed adjoining 25Cr-20Ni weld deposit 


ethanol, toluol, nitric acid, ete., calling 
for the fabrication in large quantities of 
stainless equipment for severe service. 
It became common practice to weld 
with 25% chromium—20% nickel elec- 
trode since this effectively upgraded 
from any other composition and inci- 
dentally constituted an _ ideal,  all- 
purpose welding electrode. The use 
of this type of electrode with other 
austenitic stainless steels involved no 
special problems. However, during 
the next decade, many thousands of 
welds were made on ferritic materials 
with the 25-20 austenitic electrode. 
These have practically all given satis- 
factory service, even on parts exposed 
to temperatures of 1200° F in operation. 


Recent History 


Starting about 1950, a considerable 
number of utility boilers were built 
to generate steam at 1050° F with 
corresponding metal temperatures of 
1150 to 1200° F. The _ water-wall 
tubes transmit heat from combustion 
to water at temperatures a little above 
600° F, but the superheaters transmit 
this same source of heat to steam up to 
1050° F. This requires a change in 
the grade of steel in the construction 
of the superheater and the primary 
parts. The transition in the grade of 
the material may occur at the butt 
weld between a stub on the drum and 
the superheater tube, and it may occur 
again in the main steam piping be- 
tween the pipe and the valve or 
turbine casing. Steam installation for 
temperatures above 1050° F generally 
require austenitic-steel piping, and later 
installations up to 1200° F steam 
require consideration of more complex 
austenitic alloys. 

Equipment to heat oil for refinery 
processing has seen a similar modi- 
fication since 1950. The thermal 
cracking of hydrocarbons leads to 
coke deposition at the surface of the 
heater or tube. The conventional 
furnace design required straight-length 
still tubes expanded into return bends 
with hand hole fittings. This _per- 
mitted insertion of a turbine cleaner 
through each length of tube to remove 
coke and scale. This situation has 
been changed by the advent of thermal 
decoking in which the coke is removed 


= 


Fig. 2 Oxidation cracking, existing 
at the weld shown in Fig. | 


by controlled combustion without me- 
chanical work. The latest furnace 
designs involve welding fittings and 
the only access is at the inlet and 
outlet of the furnace, rather than 
through each tube. 

Modern gas cracking and _ hydro- 
carbon reforming frequently require 
the use of large reaction vessels made 
from bonded plate or with a stainless 
lining integrally welded to a heavy 
steel shell. Similar vessels find employ 
ment in nuclear-reactor power-generat- 
ing and associated piping. 


Service Experience 

The practice of welding ferritic 
refinery tubes with austenitic electrodes, 
especially Type 310, was very satis- 
factory. The few cases of failure which 
occurred were considered in the light 
of statistics and presumed to be as- 
sociated with faulty welding. 

Figure 1 represents a 5% chromium 
tube which had seen service in an 
oil-heating furnace. The tube had 
been corroded at the ends and was 
salvaged by cutting back and butt 
welding another length using 25 Cr-20 
Ni electrode. After welding, the tube 
was in service for six months heating 
heavy gas oil at 300 psi and 850° F. 
Due to severe coking, metal tempera- 
tures of 1200—-1300° F may have been 
reached. This represented a failure 
from among hundreds of such tubes 
satisfactorily salvaged. Historically, 
the severe corrosion encountered at 
the ends of ferritic-steel tubes has 
been met by safe-ending with higher 
alloy, sometimes austenitic stainless. 
Thermal decoking is diminishing this 
practice. Figure 2 demonstrates the 
mechanism of failure as it was observed 
at the other side of the weld bead. 
There is evident a pronounced carbon 
migration with a decarburized zone 
in the low-alloy steel paralleling the 
weld bead, and then a_ high-carbon 
concentration immediately adjacent to 
the stainless steel. This photograph 
also illustrates another phenomenon 
common to dissimilar-metal welds. 
Rupture occurred within the ferritic 
material and was associated with stress 
oxidation (a restricted form of stress 
corrosion) wherein the rate of oxidation 
in the highly stressed zone was much 
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Fig.3 9% chromium oil-still tube welded with 25Cr—20Ni electrode. 


occurred within the weld deposit 


Fig. 4 25Cr—20Ni plate welded with 
similar-composition electrode. Note 
excessive oxidation in notch at root of 
weld 


higher than at the metal surface. 
The decarburized area might be lower 
in creep strength because of carbon 
depletion, but the diffusion of carbon 
has resulted in grain growth which 
would tend to increase creep strength. 

A more common cause of weld failure 
involving 9% chromium refinery tubing 
and 25Cr-20Ni weld deposit is shown 
in Fig. 3. This failure occurred as a 
result of the coarse dendritic structure 
in the weld deposit and is therefore 
not a ‘dissimilar’ metal failure. Figure 
4 is an interesting case of failure in 
a 25Cr-20Ni weld at an area of in- 
complete fusion. This is from a 
primary reformer tube after eight 
years heating a mixture of steam and 
natural gas at 1750° F. This inner 
surface of this tube showed only very 
light oxidation, yet the crevice at the 
joint shows pronounced evidence of 
penetration into the metal. 


oxygen 


Failure has 


The capillary spacing at the root of 
the joint appears to have acted as a 
catalyst to the oxidation reaction. 

Another unusual failure in a dissimi- 
lar metal weld may be seen in the case of 
a large-diameter pipe made _ from 
bimetallic plate of Type 410 (12% Cr) 
with a 0.5% molybdenum-steel backing, 
then subsequently welded with 25Cr- 
20Ni electrode. In Fig. 5 the product on 
the left (unetched) is the austenitic 
root bead, next is 12% Cr liner car- 
burized by diffusion from the low-alloy 
steel, next is the carbon-molybdenum 
steel showing in sequence the decar- 
burized coarse grain area and then 
the normal metal. The nature of 
the failure in this instance is illustrated 
in Fig. 6. The crack has occurred in 
the austenitic weld 
with the dendritic structure but has 
probably been aggravated by the 
strength of 12% Cr metal which, 
during six years service at 860 to 
1050° F, has not relaxed to the same 
degree as the low-alloy steel. 


bead, associated 


Investigations 

The service cases just cited would 
seem to raise some question concerning 
the quality of the austenitic weld 
deposit. But to keep these in proper 
perspective, they represent a minute 
fractional percentage from among the 
welds which have given excellent 
service. Studies of this practice led toa 
knowledge of micro fissuring, a term 
used to identify the presence of cracks 
within the metal crystal or dendrite, 
which on subsequent heating and 
cooling result in rupture. The problem 
of rupture during discontinuous heating 
received a great impetus to research 
studies with the advent of austenitic 
main-steam lines. Nippes at Rens- 
selaer has developed a testing technique 


to establish suitability of Type 347 
stainless steel for welding. This test 
associates chemistry with ductility in 
the weld-affected zone—as distinct 
from the deposited metal. The prob- 
lem of low ductility in the heat- 
affected area seems to be more pre- 
valent in Type 347 than in the other 
austenitic grades, but attachment of 
cast 25Cr-20Ni lugs to Type 321 tubing 
may occasion crack formation in the 
weld-affected area of the 18-8 Ti metal, 
and lead to rupture on subsequent 
This dissimilar-metal 

represent a severe 


cyclic heating. 
combination may 
service condition since the lug represents 
a heavier, stiffer fin, heating and 
cooling at different rates than the thin- 
tube. Since the lug acts as a tie- 
down element, it also acts as a fulerum 
of forces. 

A study! by Leonard and Thompson 
of welding a carbon-steel pressure 
vessel clad with Type 347 stainless 
steel, calls attention to the problems of 
fusion-line and weld-metal cracking. 
For example, carbon-steel weld beads 
deposited on an austenitic stainless-steel 
base plate will usually result in cracking. 
This is caused by the ratio of dilution 
of the weld metal with the base metal. 
The converse does not hold true; 
an austenitic stainless-steel weld bead 
on a carbon-steel base plate with con- 
trolled dilution does not normally result 
in cracking. They have proposed 
various methods of welding mainly 
on the premise that the two interposed 
deposits should be ingot iron and 
Type 310, with carbon steel and 
Type 347 built up on these respectively. 

The results of studies concerning 
the practice and application of stainless 
to carbon-steel welds have found their 
way into the technical literature, 
practically since the first welding of 
stainless steel. However, each report 
generally describes a limited application 
so that the need periodic 
with in engineering 
technology. described the 
steel as 


practices 
review progress 
sibber? 
welding of 18-8 to 

required by the Navy, where stainless- 
steel components were welded into 
steel hulls. He reeognized the influ- 
ence of diluting stainless alloy and the 
high hardenability of the intermediate 
alloys. He recommended the use of 
18-8 electrode, multilayer deposits, 
and especially warned against welding 
galvanized plate because of the influ- 
ence of zine to form cracks in the weld 
metal. Hodge* wrote a report on the 
“Are Welding of Stainless Steels’ in 
which he describes the successful use of 
austenitic stainless-steel electrodes in the 
welding of pearlitic or ferritic chromium 
irons. He describes the difficulties in 
selecting an annealing or stress-relieving 
treatment which is appropriate to the 
weld metal and also the base metal, be- 
cause of the differences in composition 


carbon 
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and response. The influence of carbon 
content on the hardenability of the me- 
tal is mentioned and also the effect of 
the addition of titanium. Hodge also 
states, very significantly at this time, 
the successful use of an austenitic elec- 
trode in welding pearlitic chromium-iron 
(5%) and presupposes ‘‘that the service 
conditions and the design of the welded 
part will not cause failure on repeated 
heating and cooling due to stresses set up 
by the different coefficients of expansion 
of the two types of alloys.” 

Since the early 1930's, composite 
plate of carbon or low-alloy steel with 
a veneer, usually about 10%, of stain- 
less steel, has been successfully manu- 
factured by pressure welding resulting 
from hot rolling. The literature de- 
scribes various combinations of aus- 
tenitic or ferritic veneer bonded to heat- 
resistant alloy or carbon steel, with 
and without an intermediate layer of 
“pure” iron or nickel to prevent alloy 
diffusion. The manufacturing methods 
consist of hot rolling to pressure weld, 
resistance-spot welding, layer-building 
by are welding, casting molten steel 
about a stainless plate. The composite 
plate, with some precautions to seal 
weld the edges, is handled in a con- 
ventional manner except in fabrication 
by welding. This product is used 
mainly in the construction of pressure 
vessels for chemical, oil or atomic- 
energy service. The welding techniques 
are dictated by the ultimate service. 

Miller and Houston‘ described meth- 
ods for the metallographic examination 
of austenitic stainless-steel weld joints 
in low-alloy steel. They concentrated 
on etching techniques to develop uni- 
formly the structures in the base metal, 
heat-affeeted zone and deposited metal, 
as exhibited in manual-arc, submerged- 
are and flash welds. Their work per- 
mitted more ready interpretation of 
the influence of the alloy diffusion zone 
on cracking. 


Fig. 5 Carbon-moly 
welded with 25Cr—20Ni electrode 
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bdenum plate with 12% Cr cladding, 


Schaeffler® wrote on the “Selection 
of Austenitic Electrodes for Welding 
Dissimilar Metals’ and developed his 
well-known diagram relating the ferrite 
content in austenite to chemical com- 
position. This investigation originated 
from the use of the Type 310 electrode 
for welding heat-treatable steels as 
used in aircraft landing gears and 
armor plate, and also for clad steels. 
He points out that in welding AISI 
4340 steel with 25Cr-20Ni electrode, 
the root pass will be fully austenitic 
with up to 60% dilution. He recom- 
mends the use of 29Cr—9Ni electrode to 
aid in the reduction of crack susceptibil- 
ity. 

Weisberg® described the results of 
cyclic heating tests on ferritic-austenitic 
joints in steam piping. Stewart and 
Schreitz’? reported on thermal-shock 
tests of austenitic and ferritic steam 
piping, including Type 310 and Type 
347 weld deposits. Blaser, Eberle 
and Tucker® wrote on welds between 
dissimilar alloys in full-size steam 
piping. This publication also contains 
an article by Carpenter, Jessen, Oberg 
and Wylie® entitled “Some Consid- 
erations in the Joining of Dissimilar 
Metals for High-Temperature High- 
Pressure Service.’ These articles all 
resulted from the transition of low- 
alloy, mainly 2'/,% chromium-1% 
molybdenum, to austenitic steel piping 
with the advent of 1050° F steam for 
power generation. These various simu- 
lated service tests indicated that the 
dissimilar metals could satisfac- 
torily welded, that precautionary 
measures must be taken to insure against 
microfissuring, transition-zone cracking, 
carbon depletion and oxide penetration. 
They also demonstrate that a com- 
ponent of this type, when tested to 
destruction either by cyclic heating 
or else by cyclic stressing at a constant 
temperature, failed in the ferritic 
metal by preferential oxidation, ad- 


Fig. 6 Same as Fig. 5 showing rupture in the austenitic weld 


jacent and parallel to the weld deposit. 
These papers consider quite thoroughly 
the influence of differences in ex- 
pansion coefficients. 

The papers of Weisberg and Stewart 
reported no failures after thermally 
shocking dissimilar-metal welds _in- 
volving both wrought and cast ma- 
terials. The Blaser tests developed 
rupture in the ferritic component of 
cast Type 316 Cb to wrought 2'/,% 
Cr-1% Mo alloy to Type 347. Welding 
involved 400° F preheat, multibead 
practice with 19-9 Cb electrodes and no 
postweld heat treatment. Testing of 
the large pipe section with closed ends 
involved heating in cycles of a week 
at 1100° F with 1500 psi internal 
pressure. Rupture initiated from inter- 
granular oxidation developing into a 
scale-filled crack within the ferritic 
material, following the weld-bead con- 
tour. Carpenter, et al., published a 
very complete set of experimental 
data on (1) rotating-beam fatigue 
tests of austenitic-ferritic welds at 
1050 and 1150° F, (2) a study of 25- 
Cr-12Ni cast lugs welded to ferritic 
superheater tubes and (3) thermal 
shock tests of the materials used in 
the fatigue tests. These papers direct 
attention to the selection of electrode 
and its relation to microfissuring— 
19-9 being better than 25-20—,the 
effect of postweld heat treatment, 
stresses resulting from differential ex- 
pansion rates, accelerated oxidation in 
stressed areas, carbon migration and 
variations in hardness level through the 
transition phase. Discussion of the 
papers highlighted the fact that the 
Weisberg and Stewart tests did not 
cause rupture whereas the Blaser and 
Carpenter tests did. The fatigue 


tests were carried to failure by plan 
while the thermal-shock tests were 
established according to an arbitrarily 
selected criterion, generally representing 
the worst conditions to be anticipated 


. 


deposit approaching the 12% Cr cladding 
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in steam-pipe service. The Weisberg 
and Stewart specimens were given an 
annealing treatment but the Blaser 
and Carpenter specimens were tested 
in the as-welded condition. Carpenter 
recommends no heat treatment for 
service above 950° F since stress 
relieving is automatic in service and 
heat treating at 1350° F induces carbon 
migration from the ferritic material. 
In the Blaser tests, the heavier ferritic 
pipe was reduced to the austenitic 
size at the transition weld but for the 
Weisberg test the austenitic pipe was 
increased to match the ferritic size at 
the weld junction. It was also recorded 
that the tests involving failure were 
cycled to lower temperatures. 

The Wetpinc Hanpsoox, Third 
Edition, recognizes the problems in- 
volved with dissimilar metals and that 
there are differences in opinions be- 
tween authorities on, for example, 
the significance of carbon migration. 
The advice of competent metallurgists 
is recommended in selecting the heat 
treatment for specific applications. The 
successful application of welding fabri- 
cation of dissimilar metals is acknowl- 
edged, and there are recommendations 
submitted for choice of electrodes. 
The Soctery has also published Reports 
D10.3 and C10.4, dealing with the 
welding of low chromium-molybdenum 
steel and austenitic chromium-nickel 
steel, respectively, which describe the 
practices applicable to the separate 
components. 

The ASME Research Committee 
has a project underway to test alloys 
suitable for steam-superheater service 
within the temperature range of 1100 to 
1500° F. The fabrication of the test 
racks was performed by the U. 8. Navy 
and is described by Ronay and Clau- 
tice. The materials being tested 
include ferritic and austenitic alloys 
from 1 to 25% chromium and other 
elements. Considerable effort was ex- 
pended in welding dissimilar metals 
which is deseribed in detail. Tubing 
was butt joined with the use of a novel 
ceramic backing to obtain a smooth 
ID root bead contour and to remove 
the backing when it became inac- 
cessible. 

A thorough study of carbon migration 
in dissimilar metal welds has been 
reported by Christoffel and Curran." 
Their studies included austenitic-ferritic 
and ferritic-ferritic combinations for 
various times at temperatures from 
1100 to 1300° F. They record the 
influence of time, temperature and 
composition on the rate of carbon 
migration, and then performed destruc- 
tive tests on the resulting specimens. 
They reported, with caution, that 
carbon migration had little influence 
on the mechanical properties of the 
metal, under the conditions described 
in their test. The November 1956 


issue of THe WELDING JOURNAL con- 
tains an article by Tucker and Eberle!” 
on the “Development of a Ferritic- 
Austenitic Weld Joint for Steam Plant 
Application.”’ They established that 
Type 347 welded to 2'/,Cr-1Mo with 
19-9 Cb electrode failed after cyclic 
heating between 1100° F and room 
temperature, even in the absence of 
external stresses. The failures in 
all cases were the oxidation-cracking 
type in the ferritic material, adjacent 
to and following the weld deposit 
contour. They developed a technique 
of welding these materials with an 
electrode containing 50% nickel, 10% 
chromium with columbium-tantalum 
addition, which was free from cracking 
under these test conditions. This 
new composition has an expansion 
coefficient comparable to the 2'/4 
Cr-1Mo alloy, up to 1100° F, in addition 
to oxidation resistance and good creep 
resistance. A high-nickel electrode of 
this type is described in an article’ 
published in a trade journal. The 
rod is claimed to minimize cracking 
or buckling with dissimilar-metal welds 
and, in some instances, to obviate the 
requirement for preheating. Data are 
offered on hardness, bend and tensile 
tests, in addition to recommended 
welding practice. 

The March 1957 issue of THe WELD- 
ING JOURNAL contains an abstract 
translated as “Austenitic Welds in 
Type 502 Steel Piping” by Geerlings 
and Kerkhof.'4 The authors state that, 
during twenty years of satisfactory 
results from welding 5% Cr-1/2% Mo 
pipe with 25Cr—20Ni electrode for oil 
refinery service, they had encountered 
difficulties from (a) hard heat-affected 
zone, (b) difference in coefficient of 
expansion between weld and _ pipe, 
(c) change in structure of weld in 
service and (d) tendency of the weld 
metal to crack. They observed carbon 
migration and grain coarsening in 
the ferritic material. The service 
failures were associated entirely with 
the weld deposit and not with the 
dissimilar-metal feature. They con- 
clude that austenitic-welded Type 502 
piping can be used up to about 950° F. 


Review 


From the service experience and from 
experimental work performed in the 
laboratory and in the field, it seems 
logical to divide the topic of welding 
these dissimilar metals into two classi- 
fications: (1) the use of austenitic 
electrodes in welding ferritic materials 
and (2) joining a ferritic to an austenitic 
material. The third alternate is al- 
ready common practice in a degree, 
7.¢€., joining austenitic materials with 
an electrode which yields a partially 
ferritic deposit. These various com- 
binations have all been used with 


considerable success. However, the 


application of stainless steel to carbon 
steel welding generally involves critical 
service and complex fabrication so that 
it is desirable to consider each case in 
all aspects. Welding ferritic steels with 
austenitic electrodes, especially the 
25Cr-20Ni type, around the oil refinery 
has been practiced for years and the 
small percentage of failures might be 
associated with overheating or ab- 
normally cyclical service. Stainless- 
steel-clad plate has been welded into 
pressure vessels, with piping, lugs and 
other attachments, for many types of 
service. The manufacture of the clad 
plate is in itself an instance of successful 
dissimilar-metal welding. The fabrica- 
tion of clad plate into vessels is so 
unique that it is difficult to ascribe 
generalizations. The application of 
stainless steel to low-alloy welding to 
the field of high-pressure, high-tempera- 
ture steam generation is fraught with 
difficulties, as is evidenced by the 
amount of research performed in this 
field. This can be attributed to the 
peculiar requirements of this specific 
service. These difficulties exist in the 
welding of the austenitic stainless grades 
by themselves and the scope of these 
problems may be judged by the number 
of publications during past decade on 
welding of austenitic stainless steel in 
large section for main steam piping. 
Meantime the Type 347 steam piping 
continues to give satisfactory service. 
The present trend in the welding of 
austenitic stainless steels for service in 
steam power or with hazardous gases is 
to use electrodes which deposit a partially 
ferritic metal, such as 19-9 (Type 308) or 
16Cr-8Ni-2Mo. 

The AMERICAN WELDING Society has 
published recommended practices for 
welding carbon steels, low-alloy steels 
and for austenitic steels. These prac- 
tices are in effect standardized and con- 
stitute the background for welding dis- 
similar metals. In the oil refinery, for 
example, 5% Cr still tubes are welded 
with 25Cr-—20Ni electrode, using the 
standard practice described for 5% Cr 
alloy. This electrode has a lower melt- 
ing point than the base metal so that it 
is easy to flow, but the welder must use 
a high enough current to insure that it 
fuses into the base metal. The preheat- 
ing and postheating operations are 
dictated entirely by the base metal and 
are recognized to be detrimental to the 
weld deposit which is overgraded with 
respect to corrosion resistance and high- 
temperature strength. 

The welding methods which have 
been used for dissimilar metals, include 
all those customarily recognized, but are 
mainly metal arc, with or without con- 
sumable electrode and inert-gas atmos- 
phere. The choice of electrode for 
fusion welding stainless steel to low- 
alloy or ordinarily mild steel permits 
some selection between a composition 
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corresponding to one of the base metals 
or an intermediate composition. There 
are a number of advantages in using an 
austenitic electrode: lower melting 
range, easier control, less dilution with 
the lower alloy especially and, as a 
direct result, less hardenability in the 
deposited metal. In many cases, the 
parts being joined are of complex form 
and have a tendency to warp from 
differential heating and _ distortion. 
These effects can be minimized by 
building up the dissimilar-metal weld as 
a separate insert, and then welding the 
ends of the insert to compatible mate- 
rials. The insert has other advantages. 
It can, for example, be built up in Jayers 
so that the transition stage is gradual 
and to permit appropriate heat treat- 
ment which could not be applied to the 
fabricated article. 

Considerable emphasis has been 
placed on the alloy dilution effect, pro- 
ducing a gradient composition between 
the stainless and the low-alloy or carbon 
steel. Although the chemical composi- 
tion varies continuously between the 
deposit and the base metal, the mechani- 
cal and physical properties vary discon- 
tinuously and thereby constitute a 
serious problem. Table 1 shows an 
illustrative comparison of these proper- 
ties. 

In Table 1, significant properties of 
three standard grades are listed in order 
to illustrate the variations which might 
be anticipated within a dissimilar-metal 
weld. Grade P9 in ASTM Spee. A-335 
was selected as a typical high-tempera- 
ture steel in common usage, and also as 
a high-alloy composition nominally half- 
way between the other grades selected. 
The melting range is lowered by the 
addition of alloy, so that it is easier to 
melt stainless steel with a carbon-steel 
electrode than vice versa. As a result, 
a stainless-steel electrode is recom- 
mended to minimize diffusion and for- 
mation of an intermediate alloy. The 
thermal conductivity at ambient tem- 
perature varies considerably and_ in 
relation to alloy content. This means 
that the heat generated by the are is 
dissipated quickly in the steel and re- 
tained at the work area in the stainless 
steel. The wide divergence in conduc- 
tivity is reduced to a negligible quantity 
near fusion, so the effect just described 
is not great. There is a considerable 
difference in expansion coefficients be- 
tween these grades at the lower tem- 
peratures. This difference becomes less 
at higher temperatures where all three 
grades are austenitic and the rate of 
relaxation of stresses is so high that the 
materials readily accommodate each 
other. The tensile strength at ordinary 
temperatures in the annealed condition 
has little significance except to represent 
the base materials. Creep and tensile 
properties at 1000° F are shown since 
this probably represents the most 
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Table 1—Comparative Properties of 
Dissimilar Metals 


ASTM 
A-335 
Carbon grade Type 
Characteristic steel P9 304 
Grade type Low 9% 18% 
earbon, Cr- Cr- 
no % 


Melting point, 2,700 2,600 
Thermal con- 350 182 11: 
ductivity at 
70° F 
Thermal ex- 
pansion 
70 to 500° F 6.9 6.3 9.9 
70 to 1200° F 8.3 7.3 10.5 
Tensile 60,000 75,000 90,000 
strength, 
annealed 
Creep at 1000° F 2,150 8,500 18,300 
Tensile at 26,000 45,000 62,000 
1000° F 
Oxidation 1,050 1,300 1,600 
limit, ° F 
Phase  trans- 1,200 600 None 
formation 
on air cool- 
ing, ° F 
Brinell hard- 250 450 180 
ness on air 
cooling 


significant temperature in relation to 
stress distribution. The tensile proper- 
ties at this temperature vary by 2 to 1 
whereas the creep load varies almost 9 
to 1. This indicates that the carbon 
steel relaxes much faster at the same 
stress level than the stainless steel and 
a heated weld would attain a low stress 
level when the steel suffered creep up 
to about 80% of the differential expan- 
sion dimension. Obviously, this condi- 
tion is irreversible and on cooling the 
low-alloy steel develops a much higher 
elastic limit. The oxidation limit is 
included to indicate a service limit. 
The last two characteristics in this 
table are included to illustrate some of 
the metallurgical differences which have 
been observed and recorded in the 
literature. At the time of welding, the 
austenitic component, the carbon steel 
or low-alloy steel and a considerable 
portion of any intermediate alloy, are 
all austenitic. On cooling the assembly 
to 1500° F, the materials shrink at dif- 
ferent rates, but relax rapidly so that 
no real stresses develop. At about 
1200° F with normal rates of cooling, 
the carbon steel transforms to pearlite 
and exhibits the differences in expansion 
and creep rates shown in the table. 
During transformation the metal ex- 
pands by a significant amount. The 
behavior of the 18-8 and the high inter- 
mediate alloy continues the same on 


cooling to about 600° F, then the high 
alloy transforms, with accompanying 
expansion, to martensite which is much 
stiffer than the carbon or stainless 
steels. This is indicated by the com- 
parative Brinell hardness numbers. 
Any steel with a hardness of 450 has 
much lower ductility and resistance to 
shock than the other materials which 
are under 250. One of the benefits of 
stress relieving is to improve the shock 
resistance by tempering before cracking 
or permanent damage occurs. 

The literature carries divergent views 
concerning preheating and postheating 
dissimilar-metal welds. This stands as 
evidence that there is no single resolu- 
tion to the problem and that each case 
must be analyzed on its own merit. 
The simplest recommendation would be 
to refer to the standard practice for the 
components. The effect of heat treat- 
ment of air-hardening alloys on welding 
has been discussed by Rutherford and 
Ewing. They describe the changes of 
properties occurring in alloy steels dur- 
ing heating and cooling. 

The effect of carbon migration is diffi- 
cult to rate numerically. The phenome- 
non of decarburization is readily appar- 
ent on metallographic examination but 
otherwise is only observed as the softest 
portion in the transition zone. It prob- 
ably accents the fact that it lies immedi- 
ately adjoining the high-alloy, high- 
carbon area which obtains the highest 
hardness level. Failures of the dis- 
similar welds tested to destruction have 
all involved accelerated-oxidation crack- 
ing adjoining the fusion zone. This 
occurs within the decarburized area 
where the oxidation must be accelerated, 
even if only slightly, by the absence of 
carbon. Tests performed by the author 
have established that decarburization 
in this type of service occurs mainly 
between 1000 and 1450° F, the trans- 
formation temperature. The driving 
force to decarburization lies in the dif- 
ference in carbon solubility between fer- 
rite and austenite, probably more than 
the affinity of chromium for carbon. 

When the weld has been completed, 
with or without a final heat treatment, 
for critical service it is well to machine 
or grind all surfaces to a smooth con- 
tour. The presence of a backup ring 
may serve to originate a mechanical 
notch at the critical area involving : 
transition in mechanical properties. 
With the recognized changes in proper- 
ties throughout a dissimilar-metal weld, 
efforts should be taken to reduce thermal 
shock by heating and cooling at slow 
rates. 


Appendix 
Recommended Practices for Welding 
Austenitic to Ferritic Steels 


Most dissimilar-metal welds are de- 
signed for high-temperature service and 
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occur at a transition where increasing 
temperature dictates a change from the 
ferritic to the austenitic grades based 
on economic considerations. The auste- 
nitic steels obtain higher creep strength 
values above 1000° F (see BPV Code 
table of stress allowances) but are much 
more expensive per pound; so, weight 
savings must be analyzed by comparison 
with the higher cost. In oil-heating 
service, the higher cost of the stainless 
grades can sometimes be justified by 
improved resistance to corrosion, such 
as by high-sulphur crudes in contact 
with the metal at 700 to 1200° F. The 
austenitic materials are used for gas 
heating, for ethylene, for reforming or 
partial oxidation, but these operations 
generally require completely austenitic 
material. 


Materials 

The grades of materials encountered 
in this welding practice are exemplified 
in the following specifications: 


ASTM A-167, A-240, 
A-301, A-357, A-387 


Plate 


Tubular products ASTM A-213, A-269, 
A-271, A-312, A-335, 
A-376 


ASTM A-233, 
A-316, A-371 

AWS A-501, 
A-505, A-509 


Electrodes A-298, 


A-504, 


These specifications cover the standard 
AISI grades of austenitic and ferritic 
stainless steels and also numerous modi- 
fications for special applications. The 
stainless-steel plate grades for fusion 
welding in the fabrication of unfired 
pressure vessels are all modified from 
the standard to meet these particular 
requirements. Plate for the manufac- 
ture of boilers and pressure vessels cover 
a variety of ferritic chromium-molyb- 
denum alloys containing up to 6% 
chromium. Tubing and piping specifica- 
tions, many written expressly for high- 
temperature service, range from carbon 
steel, through a series of chromium- 
molybdenum alloys up to 10% chrom- 
ium, then through ferritic and austenitic 
stainless steels up to 25% chromium 
20% nickel. 

Electrodes are described in a series of 
AWS specifications and corresponding 
ASTM specifications. Specification 
ASTM A-233, for example, describes the 
£6000 Series for arc welding, in which 
the symbol E stands for electrode and the 
6000 Series represent mild steel. Specifi- 
cation A-298 describes both ferritic and 
austenitic stainless-steel electrodes. For 
electrode application, Type 308 (19-9) 
substitutes for the more common Type 
304 (18-8). This specification describes 
covered electrodes and recommends a 
lime coating for use mainly with de and 
reverse polarity while a titania coating 
may be used with de or ac. A-316, low- 


alloy steel covered arc-welding elec- 
trodes, defines the electrode coating and 
the mechanical properties but does not 
describe the electrode composition. 
A-371 specifies stainless-steel bare elec- 
trodes as used in_ inert-gas-shielded 
metal-are welding. 

A number of other specifications are 
prepared, or in process, to define other 
materials encountered within this field. 
The Alloy Casting Institute has speci- 
fications for ferritic and austenitic cast- 
ings. Welding fittings, both forged and 
cast, are the subject of a number of 
specifications. ASTM A-264 describes 
integral-clad plate, which in itself is a 
dissimilar welded product of the aus- 
tenitic stainless grades, 304, 316, 321 or 
347, to a ferritic-steel base. 

Welding Process 
Shielded Metal-Arc Welding 

This constitutes the primary method 
of welding dissimilar metals. Either 
d-c or a-c welding power sources may be 
used. Covered electrodes, protected 
from moisture, of the low-hydrogen type 
are commonly selected in sizes suitable 
for the power source and size of deposit 
required. It is generally desirable to 
select a smaller size electrode and de- 
posit a greater number of beads in order 
to minimize dilution between the two 
base metals and the electrode, and to 
reduce stresses on cooling the inter- 
mediate alloy bead. The choice of 
electrode depends on the base metals 
but frequently an electrode is selected 
corresponding to the austenitic base 
metal. Such an electrode has a lower 
melting point and yields better flow 
with less burn-through or penetration 
and undercutting. 


Gas-Shielded Arc Welding 

The use of hydrogen, helium, argon or 
mixtures of these gases, is becoming 
more popular in the welding of refrac- 
tory, chromium-bearing steels. Hydro- 
gen is used, in the atomic-hydrogen 
method, with an are between two 
tungsten (nonconsumable) electrodes, to 
protect the electrodes and generate a 
source of heat which is unrelated to the 
work. Helium and argon may be used 
to protect an are between a tungsten 
electrode (nonconsumable) or a_ bare 
metal-wire (consumable) electrode and 
the work or base metal being welded. 
In such eases, fluxes are not needed or 
desired. These methods lend them- 
selves to automatic control where the 
are is controlled by electrical charac- 
teristics and the work is fed to the point 
of operation, mechanically and con- 
tinuously. 

In welding dissimilar metals, the 
inert-gas-shielded method is frequently 
used, with or without filler metal, in 
order to lay the first bead. This is 
generally a small bead which may 
eliminate a backup or chill plate, and 
also permits easy inspection in a difficult 


position because of freedom from flux 
deposit. Subsequent deposition of metal 
utilizes heavier rod protected by flux 
instead of a gas envelope. 


Flash Welding 

The adaptation of resistance welding 
has been used in joining pipe or tube 
sections, especially in smaller sizes of 
about 2 in. diam. The ends must be 
machined and carefully mated at the 
abutting faces. A positive pressure of 
shielding gas, generally hydrogen, is 
maintained within the tubes and escapes 
through the gap formed intermittently 
to produce arcing. The energy input 
must be carefully controlled and flashing 
held to a minimum since the different 
base metals respond by burning off at 
different rates and heat flows away from 
the welding area more rapidly in the fer- 
ritic than the austenitic material. With 
a minimum amount of flashing, the 
upset tends to be symmetrical about the 
joint. In any case there must be suffi- 
cient upset that trimming the flash will 
result in exposing solid metal at all 
surfaces. The flash should be trimmed 
hot, immediately after welding, or else 
cooled to ambient temperatures and 
then locally heated to anneal the heat- 
affected and diffusion zones. 

The flash-welding process serves to 
minimize the zone of metal obtaining 
compositions intermediate between the 
austenitic and the ferritic base metals. 
But the absence of such a transition 
zone tends to accentuate differences in 
expansion coefficient which might be a 
handicap in cyclic-heating service. 
Welding Techniques 

The Wetpinc Hanpsook, Third 
Edition, describes in considerable detail 
the recommended techniques applicable 
for different welding procedures, articles 
being joined, filler rods and chemical 
compositions. The present case is 
unique only in that it involves two dif- 
ferent materials and requires selection 
of the technique best adapted to these 
conditions. base metal is 
austenitic stainless steel, the choice of 
welding processes is essentially reduced 
to are welding and flash welding. In the 
preparation of the surfaces for welding, 
follow the practices outlined for stain- 
less steel. The selection of groove will 
depend on the size and geometry of the 
work, but a U groove is preferred to a 
V since it permits a better quality of 
work at the root bead which is extremely 
critical in dissimilar-metal welding. 
The choice of welding electrode should 
correspond to either one of the base 
metals with the knowledge that a fer- 
ritic electrode generally affects a savings 
in material costs while an austenitic 
electrode may affect a savings in proces- 
Preheating is not necessary 
for the austenitic materials but is 
generally considered necessary for the 
ferritic grade. Depending on the fer- 
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ritic composition, a higher preheating 
temperature is desired for higher alloy 
content, but in no case exceeding 500° F. 
and preferably applied to both base 
materials symmetrically about the joint. 


The ends to be joined are preferably 
jigged in positioning equipment to per- 
mit continuous downhand welding. 
When joining two solid pieces of differ- 
ent materials, the root bead might best 
be made by inert-gas-shielded are weld- 
ing, with or without filler metal. Butt 
welding pieces of composite or clad plate 
is affected by laying an initial bead at 
the location of the base of the cladding; 
this is done by inert-gas welding to 
deposit a stainless electrode. Subse- 
quent welding is performed using the 
practice for stainless materials, except 
that a high interpass temperature must 
be maintained in conjunction with a 
smaller electrode. After completion of 
welding, with preferably an extra but- 
tering pass to insure against under- 
cutting, the composite weld must be 
treated as an air-hardening material and 
cooled cautiously to about 250° F before 
being reheated for stress relieving or 
annealing as dictated by conditions in 
service. 

Annealing dissimilar-metal welds pre- 
sents many difficulties and at its best 
represents a compromise situation. 
Welding techniques frequently specify 
no postweld heating up to 1% chromium 
(with these low-carbon alloys) but 
stress relieving is desirable with higher 
alloys when stresses are required at a 
low level. The ferritic base metal and 
the transition composition zone have 
high hardenability and therefore retain 
high local stresses after welding. An 
annealing treatment at about 1250- 
1350° F is necessary to restore ductility 
and improve shock resistance. This 
temperature is much too low to remove 
stresses in the austenitic base metal. 
Heating the austenitic base metal at 
1250-1350° F is generally detrimental as 
it affects both corrosion-resisting and 
mechanical properties. It is therefore 
desirable to minimize the time at this 
stress-relieving temperature. Heating 
to higher temperatures brings about 
quite serious consequences since the 
ferritic material becomes austenitic 
again, and a still more serious stress 
condition may arise on subsequent cool- 
ing. At temperatures about 1900° F, 
normal for annealing austenitic stain- 
less, carbon diffuses from the higher to 
the lower chromium transition zone. 
This causes a higher carbon content in 
the lower chromium alloy which initially 
had high hardenability. 


A normal compromise is to anneal 
for about an hour at 1300° F, in an 
attempt to reduce the weld area below 
Brinell hardness number 240, or to 


26-s | JANUARY 1959 


anneal at a temperature 100° F above 
the metal-service temperature. 


Inspection Methods 

Welds involving ferritic and austen- 
itic materials generally find their way 
into critical service. All the precau- 
tions described in AWS Report D10.4- 
55T should be carefully adhered to. 
In addition, the intermediate alloy 
composition is susceptible to cracking 
when cooled below some 300° F, and 
the degree of susceptibility may vary 
from bead to bead depending on factors 
of dilution of the austenitic grade, reach- 
ing a maximum when the chromium 
content is about 12%. It is especially 
important to brush off flux at the under- 
cut to the fillet between passes; this is 
the area where small cracks may escape 
detection and then be bridged over to 
make final detection almost impossible. 
To assist the final inspection of superior 
quality, it is desirable to build up the 
weld deposit beyond the dimensions of 
the finished part, and then machine 
back. <A carefully machined surface 
permits ready inspection at this critical 
location. 

Flash welds cannot be readily in- 
spected, except superficially, by non- 
destructive means. It is common 
practice to establish a procedure by 
cutting up weld test samples and per- 
forming guided-bend tests of the an- 
nealed material, and then rigorously 
adhering to this procedure with occa- 
sional tests on selected samples. 


Summary 

Establishment of a sound welding 
practice for dissimilar-metal welds starts 
with the design to meet the ultimate 
service conditions. The more common 
austenitic chromium-nickel austenitic 
stainless steels, AISI Types 304, 316, 
321 and 347, find considerable applica- 
tion in the power, chemical and petro- 
leum fields. They are used for pressure 
parts and internal linings. They are 
suitable for very low-temperature serv- 
ice, maintaining good impact resistance 
at minus 300° F, corrosion resistance 
and possess substantial high-tempera- 
ture creep and rupture strength. How- 
ever, these alloys are expensive and find 
service where conditions are most severe; 
so, part of the equipment is built from 
regular or low-alloy steels and a joint or 
transition between these substantially 
different materials is encountered. This 
leads to problems involving differences 
in melting temperatures, fluidity and 
expansion coefficients of the base mate- 
rials as well as differences in harden- 
ability throughout the intermediate 
compositions. The influence of these 
variables is considered in the text as 
well as the selection of heat treatments, 
always a compromise, amenable to the 


austenitic alloy, the ferritic alloy and 
the intermediate mixed-phase zone. 

Dissimilar-metal welds are probably 
encountered most frequently in piping 
systems. In this application it may be 
advisable to butt weld a separate spool 
piece to be shop fabricated so that the 
field joints are homogeneous. The spool 
piece should be of constant section, 
welded under good shop control by 
downhand welding, with extra thickness 
and buttered on the ferritic side, so that 
subsequent machining will remove 
craters and undercutting. For high- 
temperature piping, this weld might 
involve Type 347 steel and P12 or P22 
from ASTM Specification A-335, and 
heat treatment requires a compromise 
between the regular practices for these 
grades. One practice involves a final 
anneal or stress-relieving treatment at a 
temperature 100° F above the operating 
temperature. Other applications are 
modified about this practice to meet 
requirements. 
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Carbon-Dioxide-Shielded Metal-Arc Welding 


of Carbon-Steel Plate 


Interpretive report prepared under the sponsorship of the WRC points out that 
several types of carbon-steel plate, with carbon contents up to 30%, 
and in thicknesses up to 1 % in. have been successfully welded with this process 


SY R. J. KELLER 


SUMMARY. The carbon-dioxide-shielded 
metal-are welding process utilizes pure 
dry carbon-dioxide gas as a shielding 
medium around an arc established between 
the workpiece and a bare wire that is fed 
continuously into the molten are pool with 
high current density. 

The advantages of this process are: 
(1) it produces high-quality weld metal, 
2) has high rates of deposition, therefore 
low costs, (3) it has a deep penetrating are, 
and (4) the are is open or visible. The 
weld metal deposited by this process has ¢ 
low-hydrogen content and is relatively 
free from slag. 

Disadvantages of the process might be 
listed as: (1) the deep-penetrating arc is 
not suitable for extremely thin-gage ma- 
terial or where poor fitup of the joint is 
unavoidable; (2) since the weld bead is 
quite narrow, tracking of the weld seam 
must be held to rather close limits; and 
(3) because it is a gas-shielded arc, welding 
cannot be done in extremely drafty or 
windy areas. 

This process is adaptable for both fully 
automatic and semiautomatic welding 
equipment and can be used with both con- 
stant-current or constant-voltage types of 
power sources, providing the proper con- 
trol circuits are used. 

A number of types of carbon-steel plate 
have been successfully welded with this 
process with carbon contents up to 0.30%. 

Filler wires have been developed for 
this process with sufficient amounts of 
deoxidizers in the wire to make satisfac- 
tory welds in rimmed, semikilled and killed 
steels. 

Carbon-steel plates have been welded 
up to and including 1'/, in. in thickness 
and repairs to steel castings have been 
made in very heavy sections with good 
results. 

The welds produced by this process are 
of high quality as measured by strength, 
ductility and notch toughness, and will 
meet radiographic standards of Class I 
Boiler Code requirements. 


R. J. KELLER is associated with the A. O. Smith 
Corp., Milwaukee 1, Wis. 


The process is well suited for a wide 
variety of applications ranging from lap 
welds and fillet welds on mild steel in 
thickness from to °/i¢ in., circular 
welds especially on small diameter appli- 
cations, and on lap, fillet and butt welds on 
heavier gage materials. 

When the normal precautions are taken 
to protect eyes and skin by the use of 
proper welding lenses and proper protective 
clothing as prescribed by safety codes, the 
carbon-dioxide-shielded metal-are welding 
process has been found to be safe. 


|. Introduction 

The use of carbon dioxide as a shielding 
medium in arc-welding atmospheres is 
not new. From the early history of the 
cellulosic-type and later the lime-base 
stainless and lime-base low-hydrogen 
types, covered electrodes when burned 
generated various amounts of carbon 
dioxide in the are atmospheres. 

Successful operation of covered elec- 
trodes depends on the addition of de- 
oxidizers, slag formers, and fluxes in the 
coatings to insure good-quality weld 
metal, as well as good manipulative or 
operating characteristics. 

More recently, however, with the ad- 
vent of the development of the inert- 
gas-shielded metal-arc welding process, 
the use of an inexpensive shielding gas 
became highly desirable from the stand- 
point of economics and ease of procure- 
ment. Carbon dioxide was one of the 
shielding gases to be considered for 
welding steel. 

It might be well to consider the theory 
of welding with a shielded are and de- 
termine the requirements that must be 
met to use carbon dioxide successfully 
as a shielding agent. 

Since the early days of bare-wire 
welding, it has been known that the 
oxygen and nitrogen in the atmosphere 
have been deleterious to weld-metal 
quality. Later it was learned that hy- 
drogen, under certain conditions of re- 
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Fig. 1 Schematic CO» welding nozzle 
showing COs» gas shielding obtained 


straint and on certain steels, was also 
detrimental in the production of high- 
quality weldments. Carbon-dioxide 
gas at room temperature is relatively 
nonreactive. However, at the eleva- 
ted temperatures of the arc, carbon di- 
oxide dissociates to form carbon mon- 
oxide and oxygen. 

It is relatively easy to understand how 
carbon dioxide as a shielding gas can 
effectively shield from the are and mol- 
ten puddle the nitrogen and oxygen 
present in the atmosphere (Fig. 1). 
Since it is pure and of very low-moisture 
content it excludes the possibility of hy- 
drogen affecting the weld area. How- 
ever, the fact that the dissociation of 
carbon dioxide causes the gas in the 
areas adjacent to the are to be oxidizing 
might tend to discourage its use as a 
good shield for the metal vapors and 
molten metal in the arc area. 

This theoretical consideration of the 
oxidizing properties of carbon dioxide in 
the arc atmospheres may have held back 
the progress of the use of carbon dioxide 
for shielding, to some extent. How- 
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ever, on closer consideration of this 
theory, it is obvious that only a rela- 
tively small percentage of oxygen is lib- 
erated in the are stream. If a power- 
ful deoxidant is also introduced into the 
are stream, the oxygen which is liber- 
ated can be combined into a stable com- 
pound and form minute islands of slag 
which float to the surface of the molten 
pool of metal. Any uncombined car- 
bon monoxide is also burned in the outer 
fringes of the are shield forming carbon 
dioxide, so that the amount of carbon 
monoxide is within safe limits a few 
inches from the arc. Normal welding 
ventilation then prevents toxic effects 
on operators welding with ares shielded 
by carbon dioxide. 

Some of the earliest experiments in 
attempting to shield the are with carbon 
dioxide were quite disappointing be- 
cause of insufficient deoxidized wire 
being used. This was especially true 
when welding on steels which were not 
fully killed. Successful use of carbon 
dioxide as a shielding gas for the gas- 
shielded metal-are welding process was 
primarily a function of selection of a 
properly deoxidized wire, development 
of suitable welding equipment to feed 
wire at speeds suitable for high-current 
densities (100,000 to 200,000 amp per 
sq in.), and use of very dry carbon- 
dioxide shielding gas. 

The effectiveness of carbon dioxide as 
a shielding gas is quite clearly demon- 
strated in Fig. 2. This shows a weld 
made in the same groove with the same 
welding conditions, except that for one- 
half of the weld the carbon-dioxide 
shielding gas was turned off. The illus- 
tration clearly shows that with ade- 
quate carbon-dioxide shielding, sound 
weld metal is obtained, whereas with 
the carbon dioxide shut off, a very po- 
rous weld is obtained. 

It is now generally accepted that the 
CO, welding process is an important 
development in the welding industry. 
Some of the advantages of this process 
might be listed as: high-quality weld 
metal; high rates of deposition and, 
therefore, low costs; deep penetrating 
arc; an open or visible arc; and low- 
hydrogen weld metal. The CO, welding 
process has no slag to remove after 
welding and produces no abrasive dust 
which may cause wear in moving parts 
of jigs and fixtures. 

In discussing the carbon-dioxide- 
shielded metal-are welding process, the 
subject has been confined to the welding 
process which uses a consumable wire 
with pure carbon dioxide as a shielding 
gas. Processes which involve mixtures 
of gases and carbon dioxide plus slags 
have not been discussed, as it is felt that 
these processes are separate and distinct 
from our subject matter. A brief de- 
scription of some of these processes will 
be given at the conclusion of this paper. 

In the last few years, a great deal of 
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useful information has been accumulated 
from research programs of various com- 
panies and numerous production appli- 
cations are now in use. This report is 
intended to summarize the information 
presently available on the welding 
process using carbon-dioxide gas as a 
shielding medium, and forecast some of 
the future scope of this process. 

This summary will include the follow- 
ing: 


Types of equipment available for use 
with carbon-dioxide-shielded metal- 
are welding. 

The carbon steels which are suitable 
for welding with this process. 


Filler wires which are available for use 
with carbon-dioxide shielding. 
the design of the joint, 


Applications 


WITHOUT 


CARBON 
GAS SHIELDING 
OF ARC 


thickness of steels and welding 
technique. 
Safety precautions for CO, welding. 
Quality of CO, weld metal. 
Cost comparisons using carbon-di- 
oxide-shielded metal-are process 
compared to various other fusion- 
welding processes. 
Welding of steels other than the plain 
carbon steels. 
Conclusions. 
ll. Equipment 
Fully Automatic 

Equipment required for CO, welding 
consists of a power source such as a 
rectifier or motor generator, a welding 
head or wire-feeding mechanism, a con- 
trol for the welding head, and a nozzle 
or torch which provides electrical con- 


WITH 
DIOXIDE 


Fig. 2 Weld made in the same groove with the same welding con- 
ditions, except that for one-half of the weld the carbon-dioxide shield- 


ing gas was turned off 


DIRECTION OF WELDING ———> 
Fig. Typical CO, welding-nozzle designs 
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tact to the wire as well as providing a 
means of introducing the shielding car- 
bon-dioxide gas around the welding are 
and molten puddle. 

This equipment can be divided into 
two main categories, dependent upon 
the method of causing the electrode 
feeding speed to be equal to the electrode 
burn-off rate: 


1. By varying the feeding speed of 
the electrode to make it match 
the burn-off rate of the wire. 

2. By varying the amperage, thus 
causing the burn-off rate of the 
electrode to match the feeding 
speed of the electrode. 


Both types of equipment are cur- 
rently being used in production applica- 
tions, and some controversy exists as to 
the characteristics and merits of each 
type of system. For the purpose of this 
paper, the two types of equipment will 
be briefly described below. 


a. Control System Based on Varying 
the Feeding Rate of the Electrode. This 
system is commonly called the constant 
current or drooping volt-ampere curve 
type of equipment. It requires a stand- 
ard d-c rectifier or motor-driven genera- 
tor as a power source on which the weld- 
ing current is independently set at the 
desired value. 

By means of an arc-voltage-sensing 
control system, the wire-feeding speed is 
continuously varied to make the feeding 
speed of the wire match the burn-off 
rate established by the current setting 
on the welding machine. This will then 
control the are length and the are 
voltage to a regulated constant value. 

This system is perhaps the most com- 
plicated system for control and is quite 
similar to systems used for automatic 
submerged-are welding 

b. Control System Based on Varying 
the Amperage or Burn-off Rate of the 
Electrode. This system uses a fixed, but 
adjustable —wire-feeding mechanism 
which does not monitor the wire-feeding 
speed but instead feeds at a constant 
rate. This automatic welding system 
does not use the standard drooping volt- 
ampere-curve machine, but 
uses a special type of power supply 
which has a low open-circuit voltage in 
the same order of magnitude as the are 
voltage. 

Two types of power sources are avail- 
able with this system: one produces an 
essentially flat or constant volt-ampere 
curve, the other a rising volt-ampere 
curve. 

The constant-voltage type welding 
machine produces a constant are length 
for a particular wire-feeding speed, but 
should be readjusted whenever the wire- 
feeding speed is changed. 

The rising-voltage type welder also 
produces a constant are length and con- 
stant are voltage for a particular wire- 


welding 


feeding speed; however, the upward 
slope of the curve is such that the ma- 
chine automatically adjusts the are 
voltage whenever the wire-feeding speed 
is changed to increase or decrease the 
current. 

These power sources are manufac- 
tured in both the motor generator and 
rectifier types. 

Most equipment in the above-men- 
tioned types can be purchased with 
auxiliary controls for specific applica- 
tions, such as high-voltage starts and 
crater-fillng devices for the ends of 
welds. 

For automatic welding where con- 
stant welding conditions are important, 
devices for compensating for line-voltage 
fluctuations may be desirable. 


Wire-Contacting Devices 


Wire-contacting devices to provide 
electrical current from the power source 
to the wire are of many different types 
and designs. 

Certain fundamental features should 
be incorporated in their design. First, 
perhaps, would be the ability to make 
positive contact to the wire in order to 
carry the high currents without exces- 
sive heating or burning of the wire. 

Contact with the wire should occur 
over a relatively short and a controlled 
distance above the are or workpiece, 
since, when welding with high-current 
densities, i.e., '/,,.-in. diam wire and 400 
to 600 amp, the I?R Law has a con- 
siderable effect on the melt-off rate. 
Tests have shown that a '/j;.-in. diam 
silicon-killed wire welded at 600 amp 
will deposit from 25 to 40 lb per hr as 
the distance of the contact point is 
raised from */, to 1'/» in. above the 
work. 

Choice of the design of a contacting 
device should also take into consider- 
ation ease of replacement of the wearing 
parts as well as protection from weld 
spatter. 

Heat generated from the carbon- 
dioxide-shielded welding are is quite 
high, thus the contacting device must be 
so designed as to absorb or dissipate the 
reflected heat of the are. 


Shielding Nozzle 


The shielding nozzle or device for 
introducing carbon dioxide around the 
are stream is of vital importance for 
good results. There are three main 
types of nozzles available commercially 
at present, and many shop-improvised 
nozzles to meet specifie requirements. 
The three main types shown in Fig. 3 
could be listed as follows: 


(a) Water-cooled concentric shielded. 
(b) Water-cooled externally shielded. 
(c) Air-cooled externally shielded. 


Variations and improvements of nozzle 
or torch design are continually being 


developed. However, the selection of 


one type over the other is usually dic- 
tated by the application. For example, 
the water-cooled concentric-shielded 
nozzle is excellent from the standpoint 
of uniform shielding but is susceptible 
to spatter buildup on heavy-duty cycles. 
It also has space limitations which will 
not permit using this type of nozzle for 
jobs that have limited accessibility. 

The water-cooled externally shielded 
nozzle is excellent for heavy-duty cycles 
and has good accessibility. It is rela- 
tively free from spatter pickup and 
affords good visibility of the are, 

The air-cooled externally shielded 
nozzle has the same design character- 
istics as the externally shielded water- 
cooled nozzle. However, it is of neces- 
sity larger in order to dissipate the heat 
of the are. 


Fig. 4 Satisfactory welds have been 
made with the carbon-dioxide-shielded 
metal-arc process in carbon-stee! plates 
up to 1'/, in. in thickness 


QOTATIOn 


Fig. 5 Designation for “Angle of 


Flood” 


U- 


Fig. 6 Recommended joint design for 
light-gage butt welds 
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longitudinal weld 


Fig. 8 Positioned 
weld, */, in. in size 


single-pass fillet 


Semiautomatic Welding Equipment 

The semiautomatic welding equip- 
ment, which is sometimes referred to as 
a hand gun, was developed primarily to 
fill the gap between fully automatic 
welding and manual welding with stick 


In this application, a steel chill is being used on a light-gage 


tions which do not justify complete 
automatic fixturing, yet where sufficient 
volume exists to make the cost of 
manual welding with stick electrodes a 
significant factor. Speeds of deposition 
based on similar duty cycles are compar- 
able with that of the fully automatic 
equipment. 

The essential difference between fully 
automatic welding heads and the semi- 
automatic equipment is that, in the lat- 
ter, the welding torch or nozzle is 
separated from the coil of wire and 
controls and drive motor by a flexible 
conduit. The wire feeds through the 
conduit as well as welding current, 
shielding gas and cooling water. The 
operator directs the arc stream by hold- 
ing the welding torch or nozzle in his 
hand. The torch or nozzle is usually in 
the shape of a pistol, hence the name of 
hand gun. 

The comments made about the fully 
automatic equipment as to controls and 
power sources also apply to the semi- 


additional type of equipment available 
in this category in that a drooping volt- 
ampere curve type of power source is 
used with a constant-speed wire-feeding 
mechanism. This type of equipment is 
being used in production and works 
satisfactorily where properly adjusted. 

Perhaps of more importance to the 
user is the design consideration of the 
equipment itself regardless of its type of 
power source. 

Several factors of prime importance 
might be listed. Since the wire must be 
pushed or pulled for a distance of 10 to 
15 ft through a flexible tube, the feeding 
mechanism of the equipment becomes 
important. The feeding equipment 
must have sufficient tractive force to 
feed the wire freely and uniformly at the 
rate of speed set by the control. 


The design of all hand guns provide 
for wire-feed cable, welding-current 
cable, gas-shielding hose and cooling 
water in and out, as well as electrical- 
control wires. Therefore, it is possible 
to build up considerable weight and bulk 
in the gun which will cause operator 
fatigue and thus operator resistance to 
the process. 

The hand guns available are light, 
easy to hold and operate, and provide 
for good operator visibility of the joint 
to be welded. The cables and hoses are 
constructed so as to give good flexibility 
and maneuverability. They should also 
be designed for rugged and dependable 
service and ease of replacement of per- 
ishable items of the gun, such as contact 
tubes and shielding nozzles. 

In summing up the subject of equip- 
ment for CO, welding, it is evident that 
there are a number of reliable sources of 
CO, welding equipment on the market 
at the present time, and various com- 
panies are developing new equipment 
each year. 

Selection of the right equipment 
should be made on the basis of specific 
requirements of the application and the 
user’s choice. General rules for the 


electrodes. It finds its place on applica- automatic equipment. There is one selection of equipment are of little value 
CURRENT DENSITY —AMPS/IN 2 100 
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Fig. 9 Typical deposition rates—'/\»-in. wire semiauto- Fig. 10 Deposition efficiency vs. welding amperage 
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without taking into consideration the 
application. Fortunately, most vendors 
of equipment are able to give reliable 
information and make tests to confirm 
the useability of their equipment for 
specific applications. 


lll. Discussion of Steels Suitable 
for Welding with This Process 

It is difficult to make a comprehensive 
list of steels which can be welded with 
this process without specifying the type 
of wire which must be used in order to 
make the process successful. We will 
assume for the purpose of this listing 
that the correct wire has been used for 
each steel. 


tact. Bare, bright wire has also been 
used and is successful if brightness and 
cleanliness can be maintained. 

Wire must be carefully spooled or 
rolled so that the pay-off from the spool 
or reel during welding is free from 
snarls or tangles, in order to maintain 
uniform friction of pay-off. 

From the standpoint of chemical com- 
position of the wire, which is the most 
important factor of CO, welding, the 


types of commercially available wire for 
CO, welding would fall into three broad 
categories: 

1. Low-silicon deoxidized wire—This 
type usually falls in the range of 0.10- 
0.20% carbon, 0.90-1.20% manganese, 
and up to 0.4% silicon. This wire is 
good for most noncritical jobs where 
there is no requirement for X-ray qual- 
ity. 

2. High-silicon 


deoxidized wire— 


Table 1—Typical Welding Conditions Used for Single-Pass Welds 


with the CO, Welding Process 


Diameter 


As a rule of the thumb, it is usually 
and type 


correct to assume that the less de- = ’ 
oxidized the steel the more deoxidized wire Am- OO, 
the wire must be, ie., rimmed steel Thickness in. Si Position of per- Voll- speed, cu 
should be welded with a highly de- of stock, in. Application and Al Weld age age ipm ft/hr 
. 0062-0 .062 Butt weld 1/16 14° downhill 450 
welded with a less 0.125-0.075 Circumferential 1/1, down hand 440 31 120 30 
deoxidized wire. lap weld 

The following is a listing of steels on 0.125-0.562 Circumferential 1/,, down hand 500 =34 100-330 
which the author has knowledge that the lap weld 
CO, process has been successfully used: 0 18? 0 18? Butt weld */a down hand 270 23 53 30 

0. 250-0 .250 Fillet weld horizontal 465 10 40 30 


(a) Carbon steels up to 0.30% carbon 
1. AISI steels up to 1025 
2. Pressure-vessel steels, A- 
285, A-212 

3. Steel castings—carbon con- 
tent up to 0.30% 

4. A-7 and A-373 steels 


Table 2—Chart Showing Some Recommended Joint Designs, Electrodes and 
Process Data for Welding ASME A285 and A212 Boiler Plate 


(6) Dissimilar-analysis steels | ASE | | SPEED | a | oer ] TEST RESTS 
deep-draw ing quality i | a265 045 =| auTomaric 420 | 35 | | 6000 
steel | | A 52 
3. 0.20% carbon killed steel to ‘ 
0.30% carbon semikilled 1-2 | A285 045 MAK 285 34 6000 
2. Man-Ten 1 | aa | 045 | AUTOMATIC 450 | 435 | 208 6000 
| 10 
IV. Discussion of Various Filler Wires pte ' 
One of the most significant phases of dea * 
CO, welding has been the development automaric 460 465 194 Gooo 
of the proper type wires for use with | 
this process. In the early days of this Automate 
process welding was attempted using i 2 a2i2 | | 6000 
mildly deoxidized wires, with poor re- 
sults on multi-pass welds. It was only | as 
° | 4 ' MANUAL 300 33 13-0 
after wires were developed with de- 8 | 
oxidizer contents higher than previously | 
used with argon or helium that X-ray- 
quality weld metal was obtained. 
Although chemical composition of the 
filler wire is extremely important, the 
physical properties of the wire are also Table 3—Analysis of Weld Metal by the Vacuum Fusion Process 
important. The wire must be clean and for Hydrogen, Oxygen and Nitrogen 
bright and have a surface hich can pro- de 
vide a good electrical contact. For H. O. N; 
is reason, copper-coated wire of high 
E-6013 weld metal 0.00115 0.083 0.003 
quality is almost universally used. E-6016 weld metal 0.00012 0.054 0.004 
Other coatings have been used, such as Carhen-dicuide. 
aluminum; however, this was for de- shielded weld metal 0.00004 0.032 0.006 


oxidization rather than electrical con- 
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This type usually falls into the same 
category as the first mentioned, but 
finds broader use due to its better qual- 
ity of weld metal. Analysis usually falls 
in the same carbon and manganese 
range, but has a silicon content up to 


3. Silicon-deoxidized plus additional 
deoxidizers—This type is sometimes 
known as triple deoxidized—meaning 
that, in addition to containing manga- 
nese and silicon as deoxidizers, one or 
more other deoxidizers are contained, 


ete. Aluminum in the form of a hot- 
dipped coating has been applied for this 
purpose; however, difficulties with 
smooth feeding of the aluminum-coated 
wire have been experienced on occasions. 

The advantages of the triple-de- 
oxidized type of wire have been noted in 
that it has the greatest flexibility of all. 
It can be used for welding rimmed steel, 
semikilled and killed steels, and has an 
amazing tolerance for oils, drawing 
lubricants and hot-rolled scale. 

Further research is being carried out 


in carbon-dicxide atmospheres. It is 
reported that some success has been 
achieved in welding on free-machining 
or resulphurized steels using a high- 
manganese-content filler wire. Other 
work is being done in the development of 
special deoxidized wire for improved arc 
action. There are also wires which have 
been developed using emissive coating 
on the surface to give better arc sta- 
bility and for welding with straight 
polarity. At the present time, almost 
all welding with this process is done 


such as titanium, aluminum, zirconium, in the development of wires for welding using reverse or positive polarity. 
Table 4—Mechanical Property Tests—As Welded—Not Artificially Aged 
Type Type Type Type Wire Size Tield Tensile| £ Red. of 
Weld Steel Test Equipment Groove Design and Type Amps | Volts Strength] Strength Elongy Area I-ray 
Butt 1/2" All-weld Seni- dia, | 340/ | 35-37 52,100 | 70,000] 34 | 66.6 | Perfect 
A=285 metal automatic Si + Al 390 52,300 | 70,000] 33% | 66.4 
+250 tensile Deoxidized 
Butt 3/ue All-weld Seni- ‘ong 1/16" dia. | 340/ | 35-37 58,100 | 70,250] 32.5] 63.8 | Perfect 
A=285 metal automatic . Si+ al 380 56,150 | 68,100] 33.5] 63.8 
tensile Deoxidized 
Butt All-weld 1/16" dia. | 335/ | 35-37 4 58,800 | 74,500} 28.5] 58.3 | Perfect 
A=285 metal Automatic Si al 385 61,550 | 75,600] 28.5] 57.3 
tensile Deoxidized 
Butt 1" All-weld Seni- 1/16" dia. | 390/ | 36-38 5 57,850 | 73,300] 31.5] 61.8 | Perfect 
metal automatic Si + Al 395 
tensile Deoxidized 
Butt 1-3/6" | All-weld Semi- 1/16" dia. | 390/ [37-39 55, 000 29.0] 59.4 [Meets req. 
230C metal automatic Sie¢al 410 53,800 | 69,530] 30.5] 63.8 jof Class I 
Cast 5@ tensile Boiler Code 
Steel 
Butt All=weld Seni- 5/6u" dia. | | 36-39 4 58, 73,000} 30.5] 62.3 | Perfect 
A=285 automatic Si al 60,500 72,000] 26.5] 61.8 
tensile Deoxidized 
Butt All-weld Semi- 5/6u" dia. | 136-37 5 54,500 | 68,000] 30.0] 44.2 | Perfect 
A=285 tal automatic Si «Al 425 52,500 68,000] 33.5] 6.6 
tensile Deoxidized 
Butt 3/u" All-weld Automatic 1/16" dia. | 385/ | 31-32 5 54,800 | 72,L00} 30.5] 64.5 | Perfect 
A=285 metal 4 390 54,300 | 71,900] 30.5] &.9 
+505 tensile Decxidized 
4 
Butt 3/u" All-weld Automatic 1/16" dia. | 380/ | 32=33 5 49.600 | 65,800] 34.0] 6h.2 | Perfect 
metal “ si 385 48,700 | 65,000] 32.0] 60.2 
tensile Deoxidized 
Horisontal| 1-1/2" to | All-weld Seni- “Wh 1/16" dia. | 340/ | 38-39 5 44,900 | 80,300] 27.5] 57.8 | Not 
Fillet metal automatic | al 365 X-rayed 
A=285 +505 tensile | Deoxidized 
AF 
|Borisontal 1-1/2" to | All<weld Seni= + 38-39 of 56,850 | 73,250] 31.5] 63.8 | Not 
Fillet tal automati + 
A=285 tensile | peoxtdt sea Passes 
a 
Butt Vo" All<weld Automatic 1/16" dia. | 320/ | 34-36 3 52,300 } 66,900] 33 a Perfect 
A-285 metal Sie al 325 47,600 | 66,100} 35 62 
2250 tensile Deoxidized 


@ Stress Relieved at 1150°F, 


32-s | JANUARY 1959 


ik 

0.7' 
4 

+ 

> 

q 


Securing the proper wire for an indi- 
vidual application is probably the most 
important single factor for a successful 
application of carbon-dioxide-shielded 
welding. 
V. Applications—The Design of 
the Joint, Thickness of Steels and 
Welding Technique 

The carbon-dioxide-shielded metal- 
are welding process is rapidly becoming 
an extremely important welding process 
in the welding industry. Nevertheless, 
it is not a cure-all for all welding prob- 
lems. It has definite applications where 
it can be used to good advantage and it 


Table 5—All-Weld Metal Charpy V-Notch 
impact Made by the CO, Welding Process 


Testing Energy of ruptuie, 


temperature,° F ft-lb 
70 70-80 

0 50-70 

—40 30-35 

—65 25-30 


therefore seems fitting to try to formu- 
late some broad general rules to measure 
applications to determine if they are 
applicable to CO, welding. These rules 
may change as we learn more about 
the process, but for the present we can 
set up some tentative measuring sticks. 

This discussion will be limited to 
mild steel from '/;, to 1'/2 in. in thick- 
ness, sheet, plate, and to applications on 
steel castings, either repair or fabrica- 
tion. 

As might be expected, the CO. process 
lends itself to lap welds, fillet welds (flat 
or horizontal) and butt welds on light 
gages '/,. to 1/, in. in either the flat or 
horizontal positions. Vertical-up weld- 
ing can also be done but at lower speeds, 
with low amperage smaller-di- 
ameter wires. The economics of verti- 
cal-up welding should be carefully 
studied before using this process for such 
purpose. Circular welds can also be 
made in the lap, fillet and butt welds 
that are satisfactory even down to very 
small radius circular pieces. 


Table 6—Deposit Efficiency of Various Wires with Various Gases 


Shielding gas {mp 
Wire—'/\¢ in. diam, Si killed 
A+5%0, 150 
Argon 150 
Helium 150 
CO, 450 
Wire—'/i, in. diam, Si and Al killed 
A + 5% 0. 150 
Argon 450 
Helium 450 
CO, 450 


Burnoff, Efficiency, 

Volt lb/hr J 

30.5 13.8 98.7 
31 16.3 96.8 
1) 15.8 95.3 
37 15.0 96.1 
32 21.6 93 .0 
31 19.7 97.0 
38 18.8 93.5 
38 21.5 96.2 


Table 7—Comparative Costs of ‘‘Gas-Shielded Metal-Arc’’ Argon and Carbon Dioxide 


“Gas-shielded 


metal-arc’’ 


Gas consumption, cu ft hr 

Cost of gas per cu ft 

Cost of gas per hour 

Cost per hour (50°, duty cycle) 

Cost per day (3 shifts—22.5 hr) 

Cost per year (260 days—3 
shifts/day ) 


argon 


$15,780.00 


Carbon Savings 


dioxide per head 
60 30 30 
$0.09 $0.01 $0.08 
5.40 0.30 5.10 
2.70 0.15 2.55 
60.80 3.38 57.42 


$878.00 $14,902.00 


Table 8—Comparative Cost of Helium and Carbon Dioxide 


Gas consumption, cu ft/hr 

Cost of gas per cu ft 

Cost of gas per hour 

Cost per hour (60° duty cycle) 

Cost per day (3 shifts—22.5 hr) 

Cost per year (260 davs—3 shifts/day) 


Carbon Savings 


Helium dioxide per head 
70 30 40 
$0. 067 $0.01 $0 .057 
0.30 1.39 
2.81 0.18 2.63 
63.20 4.05 59.15 


$16,420.00 $1,053.00 $15,367 .00 


Satisfactory fillet and butt welds have 
been made in thickness up to 1'/¢ in. 
(Fig. 4), and repairs to steel casting 
have been made in castings several feet 
in thickness. 

Since it is rather difficult to isolate the 
factors of thickness, joint design and 
techniques without referring to specific 
applications, an attempt will be made 
to discuss various applications and to 
illustrate the effect of joint design, 
thickness and technique as applied to 
these typical applications. 

1. Light-Gage Lap Weld. The CO, 
welding process is especially suited for 
the making of high-speed lap welds on 
stock °/35 to '/s in. in thickness. It is 
important to have good fitup on the 
joint and a stable jig and fixture to posi- 
tion the wire correctly in relationship 
to the joint. Angle of lead or trail is also 
an important consideration. 

Light stock can best be welded at a 
10 to 20 deg downhill angle, with result- 
ant higher speed, easier control and 
better bead appearance. If the piece 
cannot be welded downhill then it should 
be placed in the flat position and welded 
with the wire at a 7- to 15-deg lead- 
angle positioning of the wire to catch the 
top corner of the top plate. Never weld 
uphill for best results. Typical welding 
conditions will be shown in Table 1. 

2. Light-Gage Fillet Welds. The 


COs- welding process is also well suited to 


Table 3—Cost Comparison of High-Speed 
Girth Weld—Submerged Arc vs. Carbon 
Dioxide (Based on 100 ft. of Weld) 


Submerged Carbon 
arc dioxide 
Gas cost $0.05 


Flux cost $0. 525 
(5.56 |b at 
$0.0945/I\b) 


Wire cost $0. 555 $0.96 


(4.45 lb at (3.84 lb 
$0. 125/Ib) at $0.25) 
Time/100 ft 13 min 10 min 
of weld 
Total cost of $1.08 $1.01 


material 


Table 10—Cost Comparison—tiron- 
Powder Electrodes vs. Carbon 
Dioxide— ',-in. Fillet Welds 100 ft 
Length (50% Duty Cycle) 


Tron Carbon 


powder dioxide 
Cost of electrodes 
or filler wire $3.55 $3.75 
Gas cost $0.28 


Time req’d for 


100 ft weld 3hr5 min 2hr 


Labor at $2 20/hr $6.78 $4.40 
Plus burden (100°) $6.78 $4.40 
Total cost $17.11 $12.83 
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the making of flat or horizontal fillet 
welds. Here again welding downhill 
contributes greatly to the successful 
application of CO, welding to light-gage 
fillet welds. If downhill welding cannot 
be used, than a lead angle of 5 to 15 deg 
aids in obtaining proper bead appear- 
ance. Welding away from the ground 
attachment point usually aids in reduc- 
ing magnetic are blow. This again de- 
pends somewhat on the application, 
especially if multiple heads are used and 
are located close together. Typical weld- 
ing conditions are shown in Table 1. 

8. Light-Gage Butt Welds. Light- 
gage butt welds can be made using the 
CO, welding process providing certain 
requirements are met. If complete 
penetration is required, the joint must 
be backed up either by a steel chill or 
refractory chill such as glass or ceramic. 
Copper as a back-up material is usually 
not as satisfactory because of the 
extreme-penetrating — are. Copper 
pickup in the weld metal is a problem 
and high maintenance of the copper 
chill results. Butt welds not requiring 
100% penetration can be made very 
satisfactorily, and by welding downhill 
on light-gage butt welds the same 
advantages result as listed in light-gage 
lap and fillet welds. 

4. Light-Gage Circular Welds. Lap, 
fillet, butt and circular welds are well 
suited to CO, welding. The lap and 
fillet welds present no problem as long 
as fitup is good and tracking of the wire 
in the joint is accurately controlled. 

By welding off the centerline, as 
shown in Fig. 5, good control of the 
bead shape, undercut and penetration is 
maintained. The amount off the verti- 
cal centerline that the welding takes 
place is usually referred to as the angle 
or amount of flood. 

By adjusting this angle, very small 
radius circular pieces can be welded by 
the CO, process. Circular butt welds 
for complete penetration should be made 
using a steel chill. Copper is not satis- 
factory for most applications. Figure 6 
shows two joint designs which have been 
used successfully. 

Figure 7 shows an application using a 
steel chill on a light-gage longitudinal 
weld. 

5. Light-Gage Edge Welds. Light- 
gage edge and corner welds are not 
usually recommended for CO, welding 
for two reasons: 


1. Direction of the are at the proper 
location in the joint is ex- 
tremely critical and, 

2. The shielding carbon-dioxide gas 
is considerably heavier than air 
and falls away from the carbon 
dioxide around the weld area. 


If it is necessary that the CO, process 
be used for these types of welds, then a 
shelf should be built into the jig or fix- 
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ture forming a trough around the joint 
to retain the shielding blanket of carbon 
dioxide around the weld area. 

In summing up the welding of light 
gage material, it is well to remember 
that, the lighter the gage and the higher 
the speed of welding, the more critical 
fitup becomes and the more exacting the 
welding jig and fixture must be to hold 
the pieces in the correct position. 


Welding on Heavier-Gage Materials '/, to 
1'/, in. in Thickness 

The carbon-dioxide-shielded metal- 
are welding of the heavier gages of mild 
steel has been used very satisfactorily 
for fillet and butt welds, and will perhaps 
find its greatest cost saving applications 
in these gages in the future. 

1. Horizontal Fillet Welds. Using 
the fully automatic welding process, 
single-pass fillet welds up to '/, in. in 
size can be made in one pass at high 
rates of speed and with excellent pene- 
tration. Fillet welds larger than '/, in. 
made in the horizontal position tend to 
have a longer leg length on the lower 
side and are not recommended. 

Using the semiautomatic welding 
process, a slightly larger single-pass 
fillet can be made in the horizontal posi- 
tion. However, if horizontal fillets 
larger than 5/j, in. are desired, the piece 
should be placed in the flat position. 

Appearance of the fillet weld is smooth 
and free from undercuts, and it should 
be noted that fillet welds made with 
this process are very deeply penetrated 
and are usually stronger than the fillet- 
weld size might indicate. 

Multipass fillet welds in the horizontal 
position can be made up to 1'/ in. size 
(Fig. 4). However, for maximum 
economy of the process the piece should 
be placed in the flat position. 

2. Positioned Fillet Welds. Posi- 
tioned fillet welds of excellent quality 
can be made up to */, in. size in one 
pass. Appearance of the weld is smooth 
and free from undercuts and has excel- 
lent penetration (Fig. 8). 

Multipass fillet welds can be made to 
any desired size without difficulty and 
the resultant weld metal will have excel- 
lent mechanical properties. 

Position of fillet welds permits the use 
of high-current density on the wire with 
resultant high deposition and at the 
lowest cost. 

3. Butt Welds in Heavier Plate. 
Butt welds have been made in mild-steel 
plate in thickness up to 1'/2 in. using 
either the automatic or semiautomatic 
process with good results. 

In general, the width of the joint has 
been reduced over that of coated elec- 
trodes, thus permitting greater economy 
in making the weld. 

On highly restrained welds, some 
problems have been encountered with 
root-bead cracking. This has been 
eliminated by making the first pass 


heavier and by keeping the proper 
proportions of width to depth of bead. 

Bead shape in carbon-dioxide-shielded 
metal-are welding is important in order 
to prevent root-bead cracking similar to 
that found in submerged-are welding. 
However, because of the visibility 
afforded by the CO, process it is easier 
for the operator to control welding speed 
and wire angle so that a good bead 
shape is obtained. 

Using good welding procedures and a 
well-deoxidized filler wire, the radio- 
graphic quality and mechanical proper- 
ties of the weld metal in the heavier-gage 
butt welds have been excellent and have 
presented no problem in passing the 
ASME Boiler Code tests (Table 2). 

At the present stage of development 
of the CO: process it is debatable if the 
process can compete economically with 
the submerged-are welding process on 
heavy-plate welding (1'/, in. and over). 
However, as the knowledge of the 
carbon-dioxide-shielded metal-are weld- 
ing process is developed and _larger- 
diameter wires with corresponding 
higher-current densities are used, it is 
logical to expect the use of the carbon- 
dioxide-shielded metal-arc welding 
process to become more widely used in 
heavy-plate fabrication. 


Welding on Steel Castings 


The use of the carbon-dioxide-shielded 
metal-are welding process for the repair 
and fabrication of steel castings appears 
to be an excellent choice for the steel- 
foundry industry. 

The use of this process in the repair of 
steel castings is especially favorable as 
the extremely deep-penetrating arc 
enables the operator to penetrate into 
sand holes and small imperfections and 
to achieve a high deposition rate and 
elimination of the slag-removal opera- 
tion between passes. Great economy is 
realized over that of manual welding 
electrodes. 

Good visibility of the are and puddle, 
low-hydrogen weld metal and excellent 
mechanical properties, free from porosity 
and cracks, make this process ideal for 
repairing steel castings. 

It has been reported that the time for 
repair of a defect in a steel casting is 
approximately one-third that of manual 
electrodes with the CO, process. 

The semiautomatic process seems to 
be most suitable for repair. The fully 
automatic equipment is often used for 
fabrication of two or more castings into 
an integral part. 


Vi. CO, Weld-Metal Quality 


As outlined in the introduction, the 
carbon-dioxide-shielded metal-are weld- 
ing process should produce weld metal 
of excellent quality as it is a low-hydro- 
gen process and also provides protection 
from the oxygen and nitrogen in the 
atmosphere. 
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Actual analysis of the weld metal by 
the vacuum fusion process would seem 
to bear this out, as shown in Table 3. 

Other inherent characteristics of the 
CO, process such as visibility, freedom 
from slag, and deep penetration, also 
contribute to high-quality weld metal. 
However, like any welding process, good 
techniques, good welding procedures 
good equipment and filler wires matched 
to the steel and application are required 
if the high-quality weld metal that the 
process is capable of depositing is to be 
obtained. 

The fact that the carbon-dioxide- 
shielded metal-are welding process does 
give excellent quality weld metal has 
been well confirmed throughout the 
welding industry. This has been done 
on various types of equipment, various 
filler wires, and various steels and appli- 
cations. But, in order to make this re- 
port more complete, we will list a series of 
tests which will further confirm the 
quality of weld metal that the process is 
capable of depositing. These tests are 
shown in Table 4. 

Weld metal deposited by the CO, 
process in multi-layer welds has excel- 
lent notch toughness, as shown in 
Table 5. These particular welds were 
made using a silicon and aluminum- 
deoxidized wire in °/, in. thick A-285 


plate; however, good results have been 
obtained with straight silicon and 
manganese-deoxidized wire. 

Impact tests made on single-pass 
welds usually result in lower impact 
values, possibly due to the more den- 
dritic or columnar grain structure. 

The excellent mechanical properties 
of the CO, welding process have been 
confirmed both in the United States and 
abroad, and, we believe, is established 
to the point where, if the proper filler 
wire and technique are used, no further 
discussion is warranted in this report. 


Vil. Cost Comparisons of the Carbon- 
Dioxide Welding Process Compared with 
Other Welding Processes 

In the caleulating of costs on any 
welding process, it is very difficult to 
make statements that are 
accurate for every welding application, 
since the specific application on which 


general 


the welding process is used has an ex- 
tremely important bearing on its weld- 
ing cost. 

Likewise, the effect of the application 
of a job on which two welding processes 
are being compared, can cause the weld- 
ing costs of one process to be placed at 
an unfair advantage to the other if one 
process is better suited to the applica- 
tion than the other. 
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Fig. 12 Equipment used for investigating the presence of 
carbon monoxide in and surrounding welding arc. 
metric carbon-monoxide tester is at right 


. 11 Comparative gas consumption and costs of various arc-shielding gases 
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For that reason, the cost comparisons 
that are listed below are either theoreti- 
cal calculations based on painstaking 
laboratory tests and/or reasonable as- 
sumptions which will be clearly stated 
and explained, i.e., labor rates and over- 
head rates. 

Let us first examine some basic facts 
affecting material costs for the CO, 
welding process. 

a. Cost of CO.. At the present time, 
carbon-dioxide gas can be purchased in 
bulk quantities at approximately $0.005 
per cu ft. If purchased in cylinders, 
welding-grade quality, it is approxi- 
mately $0.015 per cu ft. For the pur- 
pose of this paper we have taken the 
average of $0.01 per cu ft. 

b. Consumption of CO». While the 
amount of carbon dioxide used for vari- 
ous welding applications will vary some- 
what, depending on the job, location in 
or out of drafts, welding supervision, 
etc., it has been the author’s experience 
that an average of 30 cu ft per hour is 
satisfactory for practically all applica- 
tions. 

c. Cost of Wire. The cost of wire 
varies greatly depending on current 
price of steel, diameter of wire, quantity 
purchased at one time, quality of wire, 
and type and size of package. For 
example, a 25-lb spool of ! goin. diam 
best-quality wire nowadays might cost 
$52.00 per ewt, while a 40,000-Ib carload 
of %/z-in. diam wire of the least de- 
oxidized type packaged in 500-lb pay- 
off packages might cost $15.00 per cwt. 

For the purposes of comparison in this 
paper, the author h as arbitrarily picked 
$25.00 per cwt, which represents 1/i¢-in. 
diam wire of best quality packaged in 
500-lb pay-off carload 
quantities. This represents, the author 
a large user, a popular wire 
an X-ray-quality weld 


packages in 


believes 
diameter and 


requirement. 
Due to the present-day high costs of 
labor and overhead of the average fabri- 


— 


Fig. 13 Gas samples being taken directly in the fumes 
from the arc using a colorimetric carbon-monoxide tester 
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cation shop, the most influential factors 
in welding costs today are labor and 
overhead. These factors are elements 
of time, thus the deposition rate, or 
pounds of weld metal deposited per 
hour, is an important item to be con- 
sidered. 

It has been noted before that the 
distance between the workpiece or arc 
and the wire-contact tube or contacting 
device has a marked effect to the pre- 
heating of the wire or the ’R effect. 

Figure 9 gives typical results of 
deposition rates at various amperages 
with the contact tube height varied from 
3/, to 1'/, in. which is the usual operat- 
ing range with semiautomatic equip- 
ment. As can be seen from this table, 
using a '/,,-in. diam filler wire at 500 
amp, a deposition rate of approximately 
20 lb per hr could be expected. 

Deposition efficiency or pounds of 
weld metal deposited vs. pounds of filler 
wire purchased is very high, as shown 
in Fig. 10 which shows the efficiency of 
fillet welds made in various positions. 

Efficiency of deposition using semi- 
automatic welding equipment on fillet 
welds in which a fillet weld was made 
joining '/s-in. stock to a */,-in. plate, as 
shown in Fig. 10, shows a high of 95% 
at 500 amp for '/,-in. diam triple- 
deoxidized wire, and 95.5% for °/g-in. 
triple-deoxidized wire at 570 amp. 

When welding with fully automatic 
equipment, somewhat higher efficiencies 
can be obtained on bead or plate tests. 

Listed in Table 6 is the efficiency of 
various Wires in various gases. 

As shown previously, the chemical 
composition of the wire has a decided 
effect on the deposition rate. The com- 
position of the shielding gas has a lesser 
effect on the deposition rate. However, 
the composition of wire or the type of 
shielding gas does not seriously affect the 
deposition efficiency as all wires and all 
gases only vary approximately 5%. 


Comparison of Various Welding 
Processes to CO, Process 

Up to this point, we have discussed 
only the merits of the CO, material 
costs, deposition rates and efficiency of 
deposit. Let us try to make an evalu- 
ation of the cost of CO, welding in com- 
parison with the  inert-gas-shielded 
metal-are process, manual welding and 
submerged-are welding. 

It should be reiterated that no single 
welding process is best suited for all 
applications. The applications selected 
below are the ones in which the author 
has definite knowledge. The CO. weld- 
ing process was selected because the 
economics were favorable for its produc- 
tion use. 

There are applications, no doubt, 
where the CO, process will not be suited 
for economic reasons (i.e., 3-in. thick 
plate) where the multiple-are or the 
high-current-density single-submerged- 
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Fig. 14 Amount of carbon monoxide 
(CO) present in the arc atmosphere of 
CO, welding process 


are process will be more economical. 

These examples will, the author 
believes, highlight the potential cost 
savings that can be realized on applica- 
tions that are suitable for the CO, weld- 
ing process. 


Inert-Gas-Shielded Metal-Arc Process vs. 
Process 

First, let us consider the costs of the 
inert-gas-shielded metal-are process vs. 
CO, process. These costs were derived 
from an investigation on a high-speed 
lap-welded joint on light-gage material. 

Since the wire used with either process 
is the same and speeds of welding are 
similar, comparison of costs with these 
two processes are quite simple, as the 
cost of the shielding gas (Fig. 11) shows 
the cost of the gas per cubic foot as well 
as the amount of gas consumed per hour 
on a typical mild-steel light-gage lap 
weld. It can be seen that the use of 
argon (60 cu ft per hr at $0.09 per cu 
ft) compared to carbon dioxide (30 cu 
ft per hr at $0.01 per cu ft) has a price 
ratio of approximately 18 to 1 in favor of 
carbon dioxide. 

Tables 7 and 8 show the comparative 
costs for gas shielding using argon and 
helium, respectively, on a yearly basis, 
using a 50% and a 60% duty cycle. 
These duty cycles were chosen as being 
representative of the applications 
studied. 

From these tables it is clearly shown 
that there is a decided economic ad- 
vantage for the use of the CO. welding 
process where it can replace the inert- 
gas-shielded metal-are process. 


Submerged-Arc Welding Process vs. CO2 
Welding Process 

The CO, welding process finds its 
best competitive applications with sub- 
merged-are welding in single-pass welds 
such as circular lap welds, and butt 
welds in plate thickness of 1 in. or less. 

One example of an application where 
the CO, welding process has been shown 
to have a favorable economic advantage 
over the submerged-are process is shown 
in Table 9. Cost data for this compari- 
son are based on a study of welding the 
head into a small tank, where the head 
was inserted into the shell making a 
circular lap weld. 


For comparable-quality results, the 
welding was made at 90 ipm with the 
submerged-are process and 120 ipm 
with the CO, welding process. 

The flux-to-wire ratio for the sub- 
merged-are welding process was 1.25 |b 
of flux to 1 lb of wire. This was com- 
puted accurately and is the average of 
one year’s use. 

It is evident from the figures in Table 
9 that the CO, process on this applica- 
tion offers considerable economic ad- 
vantage. This example is not meant to 
imply that the CO, process has an 
economic advantage over the sub- 
merged-are welding process on all appli- 
cations. There are many applications, 
especially on heavy-gage plate, where 
the submerged-are process may have 
the advantage. Each application should 
be studied to determine the suitability 
of the CO, welding process. 

The main factors to be considered in 
choosing between the CO, process and 
the submerged-are process might be as 
follows: 


1. Need for visible are (CO, process 
obviously has the advantage 
here). 

2. Desirability of welding process 
free from flux and frit because 
of moving equipment. (Again 
CO, offers the advantage.) 

3. Cost of slag removal after welding 
(not required with CO, proc- 
ess). 

4. Amount of out-of-position or 
small radius welding. (CO, 
process is more flexible on out- 
of-position or can weld on smal- 
ler-radius circular welds be- 
cause the weld metal freezes 
faster.) 

5. Bead appearance. (At the present 
time the submerged-are process 
offers more eye appeal.) 

Quality of weld metal. (Both 
processes have capabilities to 
produce excellent weld metal.) 


Manual-Covered-Electrodes Arc Welding 
vs. CO. Welding Process 


From the standpoint of costs, there is 
very little question as to which is the 
most economical process when the CO, 
welding process is compared to manual 
arc welding. The high-speed deposition 
rates of the CO, process make possible 
great savings in labor costs, as shown in 
Table 10. 

The figures shown in Table 10 are 
based on deposition rates which can be 
measured very accurately and calculated 
in '/,-in. fillets. This was done to place 
both processes on an exact comparable 
basis. 

While great savings are realized 
through the use of the CO, welding 
process where it can be used in place of 
manual-electrode welding, the author 
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certainly recognizes that there are many 
applications where manual-electrode 
welding is the most practical method of 
welding. It is believed, however, that 
all fabricators should be continually 
alert to take applications that are being 
welded with manual electrodes and con- 
vert to the CO, welding process where 
possible. 

It is believed that the examples and 
comparisons given are indicative of the 
fact that the CO, welding process is a 
low-cost process. As the process is rela- 
tively new it would be expected that 
further research and development work 
will still further improve the potential 
welding-cost reductions of the CO. weld- 
ing process. 


Vill. Safety Requirements 


Any new welding process should and 
does come under close scrutiny from the 
standpoint of safety. The CO, welding 
process is no exception. Questions have 
been raised on gamma radiation, ultra- 
violet light, ozone, carbon monoxide, 
ete. 

Numerous industrial safety depart- 
ments have investigated this process 
and have found that using ordinary pre- 
cautions the CO, welding process is 
safe. 

Perhaps it might be helpful to describe 
the various tests in detail and endeavor 
to set down the necessary precautions to 
make the CO, welding process a safe 
process. 


Carbon Monoxide 


Because of the breakdown of carbon 
dioxide in the are to carbon monoxide 
and oxygen, one of the first hazards that 
was suspected was that of carbon mon- 
oxide being present in dangerous quanti- 
ties in the atmosphere in the breathing 
zone of the welding operator. 

To determine if carbon monoxide is a 
hazard, several companies have investi- 
gated the atmosphere surrounding the 
are very thoroughly and found that, 
with normal ventilation, at distances of 
about 12 in. from the are the level of 
carbon monoxide is safe for continuous 
breathing. 

The test with which the writer is most 
familiar is one conducted with great 
care by his own company and is de- 
scribed in detail below. 

In order to investigate the presence of 
carbon monoxide, an arc was maintained 
with automatic equipment in a large 
room relatively free from drafts. Only 
a slight drift of smoke from the are was 
noted. The are was maintained using 
1/;—-in. diam silicon-killed wire at 435 
amp, 30 v, with a travel speed of 10 ipm, 
28 cu ft per hr, of carbon-dioxide gas 
was used for shielding. 

Samples were taken directly in the 
fumes from the are using the Mine 
Safety Appliance Co. colorimetric car- 
bon-monoxide tester (Figs. 12 and 13). 


Samples were taken at various dis- 
tances and results are as shown in Fig. 
14. 

Since the American Gas Association 
and Welding Safety Public Health 
Service list 0.01% or 100 parts per mil- 
lion as the safe limit of carbon monoxide, 
it is concluded that 7 to 12 in. from the 
are the operator can safely breathe the 
atmosphere without danger from 
carbon-monoxide poisoning. 

For comparison purposes, the fumes 
from an E-6013 electrode were tested 
with comparable results, findings of 
0.04% at 6 in. were reported. 

Due to the intense heat from the are 
it is unlikely that an operator can get 
close enough to the welding arc in well 
ventilated locations to be in danger 
from carbon monoxide. When welding 
in confined spaces, however, ventilation 
is required for safe operations; ventila- 
tion in these cases is required not only 
for carbon monoxide but also to prevent 
lack of oxygen. This is true, of course, 
of most welding processes. 


Gamma or Beta Radiation 


A series of tests was made to deter- 
mine if any harmful gamma or beta 
radiation was generated by the CO, 
welding process. 

Tests were made at five locations 36 
in. from the are using '/j.-in. silicon- 
killed wire at 330, 400, 490 and 600 
amp. No gamma or beta radiation was 
detected. 

An additional test was made at a 
distance of 12 in. from the are at 360 
and 500 amp, and again no radiation 
was detected. 

Another company conducted tests up 
to 900 amp without detecting any more 
radiation than present in normal sun- 
light. 


Ultraviolet Light 


The CO, welding process does gener- 
ate more ultraviolet light than might be 
emitted from manual welding electrodes. 
For that reason, there is a requirement 
for careful protection against skin burns 
and irritation of the eyes (commonly 
called welder’s flash). 

Because of the brightness of the are, 
some welding operators prefer one shade 
darker welding lens; other operators 
use a #10 lens with no ill effects. 

Cotton clothes tend to disintegrate 
under prolonged strong ultraviolet light. 
For that reason, the ordinary clothes of 
welders should be supplemented by pro- 
tective covering such as jackets, coats 
or aprons. Aluminized cloth has been 
found successful, although it has the 
disadvantage of its light-reflecting qual- 
ity. 


Ozone 


Various reports and papers have 
appeared in the literature indicating 
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that the high degree of ultraviolet radi- 
ation encountered in inert-gas welding 
with argon and helium can react with 
the surrounding atmosphere to generate 
ozone. 

Tests made at various locations in the 
vicinity of a carbon-dioxide-shielded 
are indicated the presence of ozone at 
various distances and at various de- 
grees; however, the tests revealed no 
consistent pattern. While the odor of 
ozone has been detected, it is believed 
that protection can be obtained through 
good general ventilation as there have 
been no known ill effects to the operators 
engaged regularly on carbon-dioxide- 
welding operations. 


Proximity to Chlorinated Solvents 


Numerous references are made in the 
literature to the fact that the ultraviolet 
emission of an electric are will break 
down the vapors of a chlorinated solvent 
such as carbon tetrachloride, or various 
degreasing compounds, forming harmful 
phosgene. This phenomenon has been 
observed as taking place at considerable 
distances from the welding are. The 
universal conclusion has been that 
safety considerations should be given to 
this possibility of atmospheric con- 
tamination. The decomposition of such 
chlorinated hydrocarbons as_trichloro- 
ethylene, etc. to form phosgene can be 
prevented by making certain that CO, 
welding is not performed in the same 
area with degreasing processes, or that 
no welding is done on parts that have 
been degreased and where the solvent 
has not been completely evaporated. 

It is believed that the CO, welding 
process is a safe process if the safety 
hazards are recognized and if the neces- 
sary common-sense precautions are 


taken. 


IX. Conclusions 


In the data presented in this paper, 
the author believes that it has been 
shown rather conclusively that the CO, 
welding process it a process that is 
economical to use and that is capable of 
producing high-quality weld metal. 
Any welding process having the inherent 
characteristics or process capabilities of 
economy and quality, in his opinion, will 
show a steady growth in importance in 
the welding industry. 

In the relatively short period of time 
that the CO, process has been developed, 
it has had considerable impact and has 
been beneficial to the fabricator, not 
only in the use of the CO, process but, 
through pressure, has 
caused improvement in other processes, 
even to the extent of expediting the 
development of higher-speed welding 
electrodes. 

What can we expect in the future from 
the COs welding process in the way of 
equipment, filler wires, applications or 
No one can answer 


competitive 


rates of deposition’ 


this question with certainty. However, 
from the amount of research being done 
by many companies, new equipment 
appearing on the market as well as in- 
creased knowledge of the process, the 
author believes that certain logical 
assumptions as to the future of the CO, 
welding process can be made. 

Certainly, we can expect new equip- 
ment and new methods to be developed 
in the future. At the present time, two 
processes are commercially available 
using a combination of filler wire and 
flux with carbon dioxide for welding. 
In one case, the process used is a flux- 
filled cored wire shielding this are with 
sarbon dioxide, while in the other, a 
magnetic flux is fed through the nozzle 
with the carbon dioxide. This flux 
adheres to the wire at the are and is 
introduced into the puddle much the 
same as a covered manual electrode. 
These two new processes have demon- 
strated that the weld-metal quality, 
appearance of the weld and operator 
acceptance have been good. At the 
present time, on some applications 
there have been some economic dis- 
advantages when compared to the 
straight carbon-dioxide-shielded metal- 
are process; however, it appears sure 
that both of these processes will find 
their place in the welding industry. 

The future of the carbon-dioxide- 
shielded process, the author is sure, is 


one of promise. Equipment will be 
developed that is both rugged and sim- 
ple, requiring less maintenance, and 
capable of satisfying the needs of today’s 
high-speed production lines. 

Tandem-are welding with the carbon- 
dioxide-shielded metal-arc process, to 
the author’s knowledge is still only in 
the laboratory-testing stage, but the 
results look promising, and very high 
deposition rates could be obtained with 
this process. 

New filler wires will be developed to 
give better welds, improved are action 
and bead appearance, as well as being 
able to be used with very high-current 
densities. This could have a startling 
effect on the economics of the process. 

We should expect to see out-of-posi- 
tion welding further developed using 
the CO, process to the point where it 
will become common usage throughout 
industry. 

We would expect to see the scope of 
CO, welding broadened to the extent 
that the low-alloy steels, high-tensile 
steels, and perhaps some of the stainless 
steels find applications where this proc- 
ess is well suited for their fabrication. 

It is perhaps easy to become overly 
enthusiastic about the future of a weld- 
ing process when one is intimately con- 
verned in its development. However, 
the author believes that this prognosis 
is not without logic because, with the 


emphasis of many people throughout 
the welding industry working toward a 
common goal from many approaches, 
the development of the carbon-dioxide- 
shielded metal-are welding process will 
become a very important welding proc- 
ess throughout the world. 
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RESEARCH NEWS 


(Continued from page 18-s) 


Data contained in this report came 
principally from data sheets supplied 
by cooperating laboratories. To make 
the report more complete and more use- 
ful some data were taken from bulletins 
and the published technical literature. 
This book should be of particular use for 
engineers and designers in the field of 
metals. 


Fatigue of Structures and Materials 


1957 References on Fatigue, STP No. 
9-I, 64 pages, duplicated self cover, 
8'/. x 11 in., $3.00. Published by 
American Society for Testing Materials, 
1906 Race St., Philadelphia 3, Pa. 

This is a list of references to articles 
published in 1957 dealing with fatigue 
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of structures and materials, following 
the plan used in previous annual lists 
from 1950 through 1956. References 
are generally so arranged that sheets 
can be cut apart for filing according to 
any desired plan. Brief abstracts have 
been included when these were ni 
available. 


Titanium Research 


Hydrogen in Titanium and Titanium 
Alloys by D. N. Williams, Titanium 
Metallurgical Laboratory, Battelle 
Memorial Institute for Office of Assist- 
ant Secretary of Defense for Research 
and Development. May 1958. 110 
pages. (Order PB 121643 from OTS, 
U. 8. Department of Commerce, Wash- 
ington 25, D. C., $2.50.) This book 
reviews and correlates research infor- 
mation concerning the behavior of hy- 
drogen in titanium and titanium alloys. 
Much of the information made available 
in the last few years confirms conclu- 
sions that originally were based on pre- 
liminary or inconclusive data. Some 
information permits expansion of the 
state of knowledge regarding the phe- 
nomena into new areas not previously 


anticipated. The factors of most signifi- 
cance are the temperature dependence 
of hydrogen solubility in alpha and beta 
titanium, hydrogen partial pressure and 
alloy composition. These factors con- 
trol absorption, embrittlement, degas- 
sing and many otherchanges observed in 
hydrogen-containing titanium alloys. 

Report on Adhesive Bonding of Tita- 
nium by H. E. Pattee, G. E. Faulkner 
and P. J. Rieppel, Titanium Metallur- 
gical Laboratory, Battelle Memorial 
Institute for Office of Assistant Secre- 
tary of Defense for Research and Engi- 
neering. June 1958. 28 pages. (Or- 
der PB 121646 from OTS, U. 8. Depart- 
ment of Commerce, Washington 25, 
D.C., $1.) This report summarizes the 
available information on the adhesive 
bonding of titanium. The lack of re- 
liable data on suitable high-tempera- 
ture adhesives, proper surface treat- 
ments and bonding-evaluation tech- 
niques has hindered efforts to bond ti- 
tanium by the use of adhesives. These 
problems and the current status of re- 
search and development toward their 
remedy are discussed. 


(Continued on page 44-8) 
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Pressure Equipment for Low-Temperature Service 


Available information indicates that any design basis for the use of ferrite materials 
at low temperatures must be a compromise between laboratory and theoretical 
knowledge of brittle fracture on one hand and the service record on the other 


BYC. R. SODERBERG, JR. 


ABSTRACT. By reviewing the present 
available information in the brittle-frac- 
ture field, this paper formulates a design 
basis for the use of ferritic materials in 
atmospheric and low-temperature service. 

Current information is such that any 
design basis must be a compromise be- 
tween laboratory and theoretical knowl- 
edge of brittle fracture on one hand, and 
the reasonably adequate service record on 
the other. The implications of this com- 
promise are discussed. 

Introduction 

Recent years have shown a marked 
increase in the use of low-temperature 
equipment. In part this has been 
prompted by new chemical processes, 
such as ethylene plants which require 
boiling point separations involving tem- 
peratures of —150° F. Oxygen and 
liquid-nitrogen plants depend upon the 
same type of low-temperature separa- 
tion and their use has increased. An- 
other factor has been the decentraliza- 
tion of industries, with new and large 
plants being installed in northern Canada 
and other frigid areas. 

Although code rules for services be- 
low —20° F have existed for some 
thirty years, it is only in the last fif- 
teen years that there has been any gen- 
eral appreciation that ferritic steels are 
subject to low-energy or “brittle” 
failure at ambient temperature. The 
many ship failures of World War II, 
which led to the organization of the 
Committee on Ship Structure Design, 
initiated organized large-scale efforts on 
low-energy fracture. Similar experi- 
ences with storage tanks, pressure ves- 
sels and structures have also promoted 
investigations of this phenomenon. 
While the manifestations and circum- 
stances leading to brittle fracture are 
reasonably well established, a serious 
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lack of fundamental scientific knowledge 
still exists. For example, the modified 
Griffith theory of crack propagation, 
which shows that stress and crack length 
are dependent, cannot be made to check 
with tests on a plate under tension. A 
pattern does seem to be emerging which 
permits the definition of a transition tem- 
perature. Well below this temperature, 
brittle cracks can propagate easily at 
stress levels far below the yield point. 
Around the transition temperature, 
stress levels approximating the yield 
strength are required to propagate a 
crack, whereas at temperatures well 
above the transition temperature, brittle 
cracks cannot propagate. 

Statements have been made at times 
that brittle fracture of steel is a new 
phenomenon. Shank! surveyed past 
failures and found instances, at least as 
far back as 1879, which, with reasonable 
certainty, were brittle failures. These 
failures seemed to start shortly after 
Bessemer steel replaced the existing 
wrought-iron construction. This tran- 
sition to Bessemer steel and open-hearth 
steel took place during the period from 
1860 to 1890. All of the brittle frac- 
tures studied seem to be characterized 
by low temperatures, low ductility and 
rapid cracking. They seem to occur 
during an application or change in load, 
or with a drop in temperature. Welded 
steel structures appear to be more prone 
to failure. Almost none of these fail- 
ures involved structures which were 
stress relieved. 


Brief Summary of 
the Present State of Knowledge 


A. Testing 

A voluminous amount of literature 
exists today on the subject of brittle frac- 
ture and this field has been ably sum- 
marized by Parker? and Shank.* There 
is considerable detailed knowledge about 
specific materials but, seemingly, there 
is no consistent test which has been used 


to evaluate all materials. Present-day 
tests fall into the following four cata- 
gories: 

1. Stress Level in Path of Advancing 
Crack. This type of testing was first 
started by tobertson in England‘ 
but was modified and continued by 
Feely and his associates® at the Stand- 
ard Oil Development Company (SOD). 
The first step in their test procedure is 
to initiate a fine crack in the test speci- 
men. In some instances the crack was 
a jeweler’s saw cut and in others a 
brittle crack started by impact in a por- 
tion of the test specimens cooled with 
liquid nitrogen. This crack is stopped 
by a high temperature at another spot 
in the test specimen. The test plate is 
then loaded in a tensile test machine 
where the plate temperature is controlled 
and a tensile load applied. A projec- 
tile is then fired at a wedge previously 
inserted in the original crack, and the 
minimum tensile stress for crack prop- 
agation determined. Their results are 
essentially as shown by Fig. 1 where a 
stress curve they obtained for an ASTM 
A-285 steel is reproduced. One of the 
interesting features of this test is that it 
appears to define a stress level above 
which a brittle crack can run, and below 
which a crack cannot run. This result 
implies that it might be possible to 
design below the transition tempera- 
ture without risk of brittle fracture if 
the stress level is kept low. So far it 
seems impossible to correlate Feely’s 
work with Griffith’s crack length theory. 

Orowan® has pointed out that it is 
probably not correct to consider the 
plateau stress found in Feely’s test as a 
material property, and that the plateau 
stress should be a function of crack 
length. Orowan, who has made some 
of the best fundamental contributions in 
this field, extended the original Griffith- 
Irwin theory’ and arrives at the follow- 
ing expression for a brittle propagation 


stress: 
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o = VEP/C 

where: 

o = stress. 

E = modulus of elasticity. 

C = crack length. 

P corresponds to a surface tension but 
applicable to ductile materials and is 
approximately equal to 10 lb/in. for 
carbon steel at atmospheric condi- 
tions. 


If this expression is applied to Feely’s 
test with a stress of 10,000 psi, a crack 
length of some 3 in. is obtained. Feely 
varied the crack length in his tests from 
3/, to 2 in., which should result in a 
change in stress of 60%, but found no 
affect of crack length on his propaga- 
tion stress. There may be some effect 
from the projectile load in the test plate 
but it is difficult to believe that this 
resolves the enigma. This discrepancy 
between Orowan’s crack theory and 
Feely’s tests represents one of the most 
basic problems which must be resolved 
before a clear understanding of brittle 
failure is obtained. 

The curve reproduced in Fig. 1 is 
quite alarming because it indicates 
that a brittle crack can run in ASTM 
A-285 grade C steel at the ASME code 
allowable stress of 13,750 psi at about 
20° F on the heats used in Feely’s tests. 
The one reassuring fact is that Feely 
used a projectile with 2500 ft-lb of 
energy to start the existing crack run- 
ning. If he reduced the energy of this 
projectile below 1500 ft-lb, the required 
stress increased until at zero projectile 
energy the stress level had to be slightly 
above the yield stress. This indicates 
that the steel had a fair resistance to 
initiation of a running crack apart from 
its low resistance to the propagation 
of such a crack once started. Feely 
had a relatively large specimen—some 
6-ft long and 6 to 16 in. wide. 

2. Fracture Appearance. This group 
of tests defines a transition tempera- 
ture by the type of failure which occurs. 
Usually 10, 20 or 50% shear surface in 
the fracture is taken as the transition 
between ductile and brittle failure. In 
many respects this is probably the most 
desirable kind of test because it is 
simple and reproducible. Impact tests, 
notched-tensile tests and slow notch 
bend tests can be interpreted this way. 
However, the choice of the amount of 
shear to be used can and is subject 
to dispute. 

3. Ductility. A third group of tests 
is based upon the ability of a steel to 
flow plastically before extensive crack- 
ing occurs. One example of this type 
of testing was evolved by Pellini and 
his associates at the Naval Research 
Laboratory.*’ A weld overlay with 
low impact properties is deposited on 
his test specimen. He then uses either 
a drop-weight test or an explosion crack- 
starter test. The drop-weight test 
involves dropping a weight on a small 
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Fig. 1 Charpy impact and SOD brittle tests on ASTM A-285 grade C steel 


specimen which is constrained so that it 
can only deflect 0.3 in. which is, how- 
ever, sufficient to initiate cracking in 
the brittle weld deposit. The explo- 
sion crack-starter test consists of sup- 
porting a plate on a circular die and 
deforming this plate by an explosion. 
Pellini has defined various types of 
transition temperatures which can be 
stated as: 

Nil Ducetility Transition (NDT)— 
Essentially no deformation is required 
for a fracture. 

Fracture Transition for Elastic Load- 
ing (FTE)—Below this temperature 
fractures will propagate through elasti- 
cally loaded sections, while above this 
temperature they will only propagate 
through plastically loaded parts. 

Fracture Transition for Plastic Load- 
ing (FTP)—Brittle fractures are not 
able to propagate through the material 
even though the material is severely 
plastically deformed. 

Another variation on this basic type 
of test is the Charpy specimen where the 
percentage of lateral contraction, rather 
than impact energy, is plotted versus the 
temperature. 

4. Impact Energy. This type of test 
probably represents the largest group of 
available tests. The results are re- 
ported as impact energy to cause fail- 
ure of notched specimens versus temper- 
ature. The disturbing feature about 
this test is that small changes in ge- 
ometry give an appreciable change in 
results. Two common types are the 
Charpy keyhole and the Charpy V- 
notch tests. The temperature differ- 
ence between these two tests for a 15 
ft-lb impact on mild carbon steels is 
commonly 30° F but may be as much as 
50°F. 

One item which is not really clear from 
any of these tests is how to separate the 
amount of energy required to initiate a 
crack from that required to make a 


crackrun. Some tests are clearly prop- 
agation tests, such as Feely’s, and in 
the author’s opinion, Pellini’s, but most 
of the others are a combination of crack 
starting and propagation. 

One attempt to distinguish between 
crack starting and propagation has 
been made by Hartbower."” He used a 
two-blow variation of a Charpy test. 
His results indicate that, in the range of 
15 ft-lb and lower, it takes consider- 
ably less energy to restart a crack and 
propagate it than it does to form ini- 
tially the crack without propagating it. 
His transition temperatures seem to be 
about the same for the first and second 
blows even though the energy levels 
are considerably different. 

B. Materials and Fabrication 

One of the puzzling aspects of brittle 
fracture is the fact that austenitic steels 
exhibit little or no tendency toward 
brittle failure irrespective of the tem- 
perature, while all ferritic steels have a 
transition temperature below which the 
brittle strength is lower than the ulti- 
mate ductile strength. At present, it 
seems that only empirical knowledge 
exists as to the cause of brittleness, but 
some generalities can be stated. 

A factor which has a powerful influ- 
ence on transition temperatures is the 
heat treatment to which the material is 
subjected. Pellini quotes an instance® 
where a Ni-Mn steel was normalized 
and tempered with a resultant NDT of 
+60° F. A plate of the same size from 
the same heat was water quenched and 
tempered and the NDT dropped to 
—70°F. 

In some instances it has been possible 
to relate this change in brittleness to 
ferrite grain size. Owen and his associ- 
ates" described tests on three ship 
steels. By varying the heat treatment, 
they were able to change the number of 
ferrite grains per cubic millimeter from 
approximately three to six. In all 


| | 
& 


three of the steels they tested this 
meant a drop in the Charpy 10 ft-lb 
transition temperature of 50 to 60° F. 
Another example of this phenomenon is 
described by Hartbower.” He tested 
an AISI 4340 steel which contained 
1°/,% of nickel. With three types of 
heat treatment he was able to produce 
specimens with Rockwell C hardnesses 
varying from 27 to 45. The sample 
with a hardness of 27 had the smallest 
grain size and also the best transition 
temperature of —200° F (—130° C). 
The sample with a hardness of 45 showed 
a transition temperature of 77° F 
(25° C). These examples illustrated 
that heat treatment and its resultant 
grain size have a powerful influence on 
transition temperatures. In general, 
the finer the grain size the lower the 
transition temperature, although other 
microstructural changes may affect 
this. This is probably the explanation 
for the fact that production steels, which 
are supposedly made by similar pro- 
cedures but vary somewhat in deoxida- 
tion and finishing temperatures, can 
show a wide variation in their NDT. 
Ship structure steels tested by Pellini 
showed a spread from 0 to 60° F. 

Composition changes also show sig- 
nificant effects on brittle properties. 
Carbon content should be low and the 
manganese high for improved brittle 
properties at a given tensile strength. 
Boron, nitrogen and phosphorus seem 
to have harmful effects, whereas sili- 
con, aluminum and nickel appear to 
have beneficial effects. Here again, 
alloying elements which are beneficial 
also decrease the grain size. 

Since heat treatment has such a 
marked effect on brittle properties, the 
question concerning welds made in steels 
whose beneficial properties are induced 
by heat treatment is naturally raised. 
Pellinis has made a study of notch 
brittleness in welds. They behave 
roughly the same as a casting of the 
same composition. Any rules of chem- 
ical composition and heat treatment 
seem to apply as they do in the base 
material. Welds, however, because of 
minor flaws, do have a tendency to 
introduce cracks and, in the as-welded 
condition, high residual stresses add to 
the ease of initiating a crack. A weld 
in any sizable structure, however, is 
rapidly quenched compared to as- 
rolled plate with resultant grain re- 
finement and reasonable brittle proper- 
ties. Consequently, if normal care is 
exercised in choosing weld materials, 
the welds and the heat-affected zone 
should not change any of the premises 
made for the base material as far as 
crack propagation is concerned. The 
influence of welding on the heat-affected 
zone of quenched-and-tempered plate 
is another matter and requires careful 
investigation. 

One fabrication procedure which has 


-aused several failures in the past is the 
initial hydrostatic test. For vessels 
which are to be used at elevated temper- 
ature, the transition temperature usu- 
ally is not considered. However, dur- 
ing the hydrostatic test these vessels 
must withstand overloads under ambient 
conditions. To avoid risking failures, 
the vessel must be heated for the test 
or the material must be changed to 
resist brittle failure at ambient condi- 
tions. 

Generally, fabrication involves con- 
siderable amounts of cold work and 
strainaging. This cold work can have a 
distressingly harmful effect on a steel’s 
brittle properties, particularly its crack- 
initiation Gensamer and 
co-workers? cite examples where 5% 
prestrain of ship steels raised the 10 
ft-lb Charpy-V transition temperature 
about 40 to 60° F. It is not clear what 
the solution to this problem should be 
but, certainly, stress relieving is bene- 
ficial. The presence of residual stresses 
near welds, biaxial and even severely tri- 
axial in nature, has been demonstrated 
to add materially to the ease of crack 
initiation when an external load is 
applied at or below 7’, of Fig. 1. At 7’, 
of Fig. 1 residual stresses can yield out 
by local plastic flow without adverse 


effect. 


resistance. 


inadequacies of Present Knowledge 
and Correlation with Service 


In the previous section, the present 
state of knowledge was reviewed. In 
this section, the conclusions or questions 
the present information on brittle frac- 
ture implies will be considered. Figure 
1 shows characteristic test results for a 
common steel. Two temperature ranges 
are marked on this curve. Tempera- 
ture range 7’, is at a point where Feely’s 
brittle failure stress exceeds the mate- 
rial’s yield point. At or above this tem- 
perature, which is 80° F for 1-in. 
thick plate, it is reasonably certain 
that A-285 will fail in a ductile fashion. 
This temperature is also on the upper 
plateau of both the Charpy keyhole 
and V-notch tests which are also plotted 
on this curve. At the other end of the 
curve, a temperature range 7,4 is 
shown which is at the start of the low- 
temperature plateau for Feely’s tests. 
This temperature is roughly at the 15 
ft-lb Charpy-keyhole value and about 
where Pellini’s Nil Ductility Tempera- 
ture occurs. Below temperature range 
T.,, the material has a high probability 
of failing in a brittle rather than a duc- 
tile fashion. The stress from Feely’s 
test is 10,000 psi at the point which is 
uncomfortably close to the code-per- 
missible stress of 13,750 psi for this 
material. The dilemma which pre- 
vails is that these two temperature 
ranges bracket the atmospheric condi- 
tions, and a sizable amount of construc- 
tion exists in this range without a sig- 


nificant number of failures. A few brittle 
failures have, however, occurred just 
about at the midpoint of this range. 
The Fawley tank failures occurred 
at about 40° F with steel which had 
similar characteristics to that shown in 
Fig. 1. The question which exists is the 
relative hazards of the two extremes of 
this transition range. At temperature 
T's, it is reasonably certain that brittle 
failure will not occur, but one cannot 
be certain brittle failure will occur until 
reaching below temperature T',. 

Another enigma is the successful 
experiences with vessels using materials 
based on the Charpy keyhole 15 ft-lb 
acceptance test. No failures have been 
recorded where a material was impact 
tested at the mill and the steel was 
manufactured in accordance with a low- 
temperature specification. In light of 
present knowledge, it is extremely sur- 
prising that the record is as good as this 
when one considers that these tests are 
made only at specific locations in plates 
before fabrication and on arbitrary bars 
in forgings and castings. Present-day 
vessel construction, moreover, permits 
nozzles and other details with large 
stress concentrations and deplorably 
poor weld details. It is difficult to 
understand this experience record but 
it must be considered in any fundamen- 
tal design decision. 

In the study of ship failures, no plates 
in which fractures originated had 
Charpy V-notch impact value over 11.4 
ft-lb and the average was 7 ft-lb at the 
failure temperature. Since these im- 
pact values correspond to more than 
15 ft-lb in the keyhole tests, the 
better service record of vessels may re- 
flect a lower order of restraint and, 
possibly, plastic flow at design or fab- 
rication stress raisers. Vessels do ‘not 
ordinarily contain raisers as 
severe as those found at sharp hatch 
covers. 

There appears to be a higher incidence 
of failures on nonpressure storage tanks 
and on pressure vessels under test than 
on other structures. This seems to 
indicate that the average stress level 
and, equally or more important, plas- 
tic adjustment play a large role in deter- 
mining the onset of brittle failure. The 
role of stress level is reasonably well 
demonstrated by Feely’s tests but ini- 
tial plastic-flow adjustment is still an 
unknown. These are probably part of 
the larger question of crack starting 
versus crack propagation. Choosing 
materials and operating conditions to 
limit crack propagation is certainly the 
safer alternative, but this implies 7’, 
or above and rules out too much present- 
day satisfactory construction. Select- 
ing material with reasonable resistance 
to crack starting implies 7,4 or above 
but puts a premium on adequately con- 
trolling concentrations, initial 
defects, residual stresses and fabrica- 
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stress 
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tion tolerances. The relative hazards 
of points 7, and 7’, are difficult to 
ASSCSS. 


Limitations and Economics of 
Presently Available Ferrous 
Materials and Vessel Fabrication 

Before an attempt is made to form- 
ulate a design basis, it might be well to 
examine present-day availability and 
suitability of various materials. Pre- 
sumably the eventual solution to the 
brittle-fracture problem will be in the 
development of a test which more ade- 
quately determines the brittle tenden- 
cies of materials and specifications which 
economically control the manufacture 
of these materials. Though present- 
day tests and specifications exist, they 
are not entirely suitable or economical. 
It may, however, still be instructive to 
examine steel availability with these 
present-day tests and specifications. 

In the United States, the carbon steels 
without any special specifications or 
other controls for brittle fracture are 
obviously the most available. How- 
ever, they are unsatisfactory for the 
prevention of brittle fractures. Some 
carbon steels, with special specifications 
and controls which improve their tran- 
sition temperature, are available, if the 
order is large enough to interest a mill. 
These impact-resistant steels involve an 
appreciable cost premium and presently 
cannot be bought on a heat basis. With 
a more widespread use, it should ulti- 
mately be possible to buy them in small 
quantities. Nickel steels and certain 
other alloys are also available with im- 
pact tests on mill orders but virtually 
impossible to get for any smaller quan- 
tities. Austenitic materials are avail- 
able, although relatively expensive. 

Europe, on the other hand, has shown 
a considerably more progressive atti- 
tude in solving this problem. Real 
effort has been shown by both steel 
companies and users in trying to make a 
carbon steel with improved brittle- 
fracture resistance. Included in their 
specification requirements are means of 
assessing the steel, usually by use of 
Charpy V-notch tests. 

No real effort has been made in this 
country, except in industries associated 
with atomic energy, to fabricate struc- 
tures so that welds and basic materials 
can be properly assessed. Blind-root 
partial-penetration welds are still per- 
mitted in any vessel nozzle operating 
in or below the transition range. This 
seems to be an open invitation to start a 
brittle crack. The economies of pre- 
mium construction are still not clear. In 
general, building a vessel with an im- 
proved carbon steet and conventional 
fabrication details would seem to be less 
expensive than premium fabrication 
details and poorer materials. The for- 
mer should also offer greater assurance 
against brittle fracture. Currently we 
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have little choice, since the improved car- 
bon steels are not commonly available. 
The first step toward improved steels 
would seem to be an open recognition of 
expected transition temperature ranges 
of present steels including the effect of 
chemistry and heat-treatment controls. 
New steel specifications could then be 
established in a similar fashion to the 
present practice on ship steels. 


Suggested Approach for 
Avoidance of Brittle Failure 

This section will examine in more 
detail the limitations which must be 
placed on design, materials and fabrica- 
tion to assure an economic structure 
reasonably safe from brittle failure. 
Three factors are necessary in order to 
produce a brittle failure in any steel 
structure: (1) an initial flaw, (2) a 
critical level of average stress high 
enough to produce plastic flow at the 
flaw location and (3) temperatures 
around or below the transition tem- 
perature. If any of these three con- 
ditions are not present, brittle failure 
‘annot occur, which is part of the reason 
why such a small fraction of all struc- 
tures built have failed in a_ brittle 
fashion. In order to formulate a crite- 
rion to minimize or eliminate brittle 
failures, each of these conditions will 
now be examined to see if it can be 
properly controlled. 

With regard to elimination of initial 
flaws or incipient cracks, it is extremely 
difficult to assure the almost perfect 
construction and design which this 
would require. Every vessel which is 
built has some attachments such as 
nozzles or clips. Almost universally 
these are attached by welding and the 
present permissible code details, which 
include blind-root and_partial-penetra- 
tion welds, make it almost impossible 
not to have some small flaws. Under- 
cutting at the toe of welds is practically 
unavoidable especially at fillet welds. 
Material sensitivity to fabrication cold 
work and strain aging can affect the 
material at any of these discontinuities. 
With residual thermal stress, any of 
these discontinuities becomes a poten- 
tial flaw. In consideration of all these 
factors, it must be concluded that the 
present code details and welding are 
not adequate to prevent the start of a 
brittle crack even though the critical 
amount of plastic flow required to 
start a crack is still unknown. This 
means that better methods of assessing 
welds must be used and present nozzle 
details refined to prevent the stress con- 
centration presently permitted. 

The next item which could be con- 
trolled would be the average stress 
level. Presumably from the SOD tests, 
if the stress level were kept substantially 
below 10,000 psi for A-285, a brittle 
erack could not run. One difficulty 
with this concept is that there is a 


definite uncertainty about the level- 
ness of this low-temperature plateau. 
Local stresses, which can persist around 
the entire circumference of a vessel, 
ean be considerably higher than the 
general stress level in present code 
allowable designs and, therefore, must 
be adequately considered. 

Knuckles in toriconical heads are a 
good example, since in this case no 
accurate solution is presently available 
for the stresses. Moreover, it is prob- 
ably more expensive to limit this 
kind of local stress to extremely low 
values than it would be to find a mate- 
rial with satisfactory impact properties. 
Local stresses must, therefore, be 
carefully controlled to eliminate regions 
favorable to brittle-crack initiation. 
This leaves the control of a material’s 
transition temperature as the most 
important variable in eliminating or 
minimizing this type of failure. 

In order to control the transition 
temperature it must be defined more 
precisely. On the one hand is a mass of 
laboratory tests which indicates that. 
for maximum assurance, one should not 
design below T, (Fig. 1) of a. steel. 
On the other hand, an equally large 
amount of service experience indicates 
that adequate service can be expected 
statistically by operating above T', 
for any given material. There seems 
to be almost complete agreement that 
no structure should operate below 7’, 
unless the general stress level is severely 
limited to the order of 3000 to 4000 
psi. There are inherent dangers in 
operating between 7’, and 7's because 
a structure’s safety depends upon a 
brittle crack not starting rather than 
the fact that a crack once started will 
not run as is the case above Ty. At 
the present time, it seems unwise to 
advocate so radical a step as to require 
temperature range 7',, since this cannot 
be supported by present experience. 
The lower transition temperature (7'4) 
must continue to be used as an interim 
step until a better understanding of the 
basic failure mechanism is found or 
until an inexpensive available carbon 
steel is found where temperature range 
Ts is well below 0° F. 

With this background, the require- 
ments can now be presented for an 
acceptable interim design basis for the 
use of ferritic steels at low temperature. 
First, a consistent, simple method of 
measuring the temperature 74 for a 
given material must be found. Pres- 
ent ASME code practice is to use the 
Charpy keyhole test and say that the 
transition temperature occurs at 15 
ft-lb impact resistance. This is prob- 
ably an adequate basis for carbon- 
steel vessels judging by service experi- 
ence, but more consistent results could 
be obtained by the use of a fracture 
appearance test or ductility (percentage 
lateral contraction or expansion) cri- 
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terion. This should give a better ap- 
praisal of a wider range of steels. A 
minimum of 10% shear, an average of 
20% shear on the fractured surface or 
1'/% lateral contraction are proposed. 
Other types of tests could be vsed and 
the various methods could probably 
be made to correlate with this basis. 
For the purposes of this paper the tem- 
perature at which a specimen fractures 
with a 10% shear failure of 11/.% con- 
traction at the notch is defined as the 
transition temperature 7,4. This is 
approximately the same temperature 
as 7, on Fig. 1. 

This determination of 74 is reason- 
ably straightforward when the specific 
material used is tested. For the im- 
mediate future, one must continue to 
use and accept steels without tests or 
even special specifications. Particular 
attention must, therefore, be given to 
untested steels. This will require some 
group, such as the ASME Boiler and 
Pressure Vessel Committee, to estab- 
lish, with a reasonable degree of ac- 
curacy, the expected transition tem- 
peratures of available, nonimpact-tested 
carbon steel. Since there will be an 
appreciable variation even within a 
given specification, two more variations 
of 7,4 must be defined. 7'4 (average) 
is defined as the expected transition 
temperature for a given steel, but some 
samples may exceed this value by 20 
or 30°. 7,4 (maximum) is defined as 
the maximum transition temperature 
possible for that particular steel. 

The various types of tested and un- 
tested materials are shown below: 


Material test 
classification 
A Rimmed, semikilled or 
killed carbon steels to 
standard ASTM specifi- 
cations without brittle- 
fracture test require- 
ments and used on the 
basis of the transition 
temperature conserva- 
tively expected for that 
specification. This 
grouping includes steels 
with and without added 
requirements for chem- 
ical and  deoxidation 
practices to control brit- 
tle properties. 
Brittle-fracture tests 
quired for each heat or 
heat treatment, but can 
be made on arbitrary 
bars rather than the ma- 
terial item itself. 
Brittle-fracture tests re- 
quired for individual ma- 
terial items such as each 
plate, shape, forging or 
casting. This test must 
be made after heat treat- 
ment is performed. Test 
specimen must be taken 
from item itself. 


Description 


Table 1—Design Limitations for Brittle Materials 
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™ STRESS RELIEF WOULD BE MANDATORY WHEN NECESSARY FOR MECHANICAL 


PROPERTIES 


« DETERMINED BY PREDICTED TRANSITION TEMPS WHICH WILL BE A FUNCTION OF THICKNESS 


The design considerations proposed 
are shown in Table 1. Basically, all 
service is limited to the transition 
temperature 7,. A 20° F margin is 
permitted for vessels in atmospheric 
service since the lowest ambient tem- 
perature occurs so infrequently that 
the added risk is not large. In addition, 
a distinction is indicated between ves- 
sels for average and critical services by 
requiring a greater temperature margin 
between the design and _ transition 
temperatures for vessels in critical 
service. These services are defined in 
reference 12, but average service is 
essentially static or low-cycle loading 
under relatively nonhazardous con- 
ditions, while critical denotes 
cyclic and shock leading under hazard- 
ous conditions. 

Since the transition temperature of 
actual items in material class B is not 
known with the assurance as 
that of class C, a temperature advan- 
tage of 20° F is granted class C as the 
only practical method to compensate 
for this uncertainty. The variation 
between the test specimen location and 
other locations in material of class C is 
not considered in deference to current 
practice and past experience. How- 
ever, this assumption must be given 
future consideration. 

Service below the transition temper- 
ature is permitted only with a safety 
factor of 20 which should avoid any 
plastic flow with pressure loads at the 
operating temperature. However, since 
knowledge of a material’s limitation is 
even more lacking below the transition 
temperature than above, limitations in 
size, thickness and service conditions are 
added in order to restrict this usage, while 
not preventing it for the cases where it 


service 


same 


is economically attractive. A test pres- 
sure of 7.5 P is prescribed since the test 
may be made at or above 7’, and the 
vessel is adequately strong for such a 
test. Possibly, stress relief should be 
required for these vessels but this should 
be resolved by further investigations. 

Stress relief is not indicated as man- 
datory as a function of service tem- 
peratures. However, the generally 
beneficial results of stress relieving in 
minimizing the potential of brittle 
fracture through (1) overcoming partly 
or completely the harmful effects of 
cold work and strain aging and (2 
reducing residual stresses at welds are 
qualitatively recognized by allowing a 
20°F service-temperature advantage for 
stress-relieved construction. 

When testing vessels where the at- 
mospheric or test fluid temperature is 
lower than the transition temperature 
T., for which the vessel is designed, the 
test fluid or the vessel shall be heated 
so that the minimum metal temperature 
is above the transition temperature, In 
addition, for large elevated or other 
field-fabricated tanks tested in po- 
sitions where the release of the liquid 
content would be very hazardous, the 
test temperature of the vessel material 
and contents shall be above the tem- 
perature 7’, plus 30° F. Similarly, 
vessels tested with air or gases shall 
have the gas and metal temperature 
above the maximum or design T, 
plus 30° F due to the high energy con- 
tent involved. Unless the design is 
based on a safety factor of 20, no mainte- 
nance or pressure tests shall be applied 
to vessels when the metal temperature is 
lower than the average 7'4 temperature. 
Pressures applied to vessels designed 
on a safety factor of 20 shall not exceed 
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the stamped design pressure at tem- 
perature below the average 7’, tem- 
perature. 


Extremely Low Temperatures 

The problems of extremely low 
temperatures are primarily an exten- 
sion and application of the philosophy 
proposed in the preceding chapter. 
In some respects the brittle problem is 
less because it is economically more 
practical to use costly materials such as 
austenitic steels for extremely low 
temperatures. 

Using the 15 ft-lb Charpy keyhole 
test as a criterion, ferritic materials 
are available down to roughly—150 
°F. Special types of carbon steels can 
be used to —50° F. The 2'/, and 3'/:% 
nickel steels show adequate impact 
properties down to — 150° F., and 8'/,% 
nickel can be used below —150° F. 
Generally, there seem to be procurement 
problems with the nickel steels unless a 
full heat is required. Consequently, a 
great deal of fabrication in this range 
utilizes 18-8 Cr-Ni steels. If nickel 
steel is used, stress relief is required 
and this is difficult on field-fabricated 
vessels, though by no means impossible 
to perform. 

The austenitic materials, though they 
avoid the brittle-fracture problem, in- 
troduce other difficulties in welding and 
unexpected corrosion. To avoid hot 
cracking in 18-8 weld deposits, it is 
common practice to employ a duplex 
weld structure providing some ferrite. 
For low-temperature service, the fer- 
rite content must be kept to a minimum 
to insure good ductility and impact 
strength. The impact strength of this 
type of duplex weld decreases gradually 
from room temperature to —300° F 
and requires careful investigation of 
each heat of electrodes. 

There are various “novel” types of 
fabrication which may well be more 
economic than austenitic or even 
“special” carbon-steel fabrication. Es- 
sentially there are three areas which of- 


(1) the use of a shell 
“erack stop- 
per,” (2) the use of internal insulation 
to keep the metal temperature above 
its transition tempe rature and (3) fab- 


fer real promise: 
material which includes a 


rication from various plastics which are 
not subject to brittle failure. These 
are mentioned only as possible future 
avenues. The use of “crack stopping” 
materials stems from the speculation 
about materials such as wrought iron 
which contain laminations of scale and 
iron. It is thought that this type of 
material would inherently prevent 
cracks from running in much the same 
way that a brittle crack usually stops 
at a riveted joint. There are instances, 
however, where a brittle crack has run 
through a riveted joint. If this thesis is 
extended to vessel construction then 
the laminated vessel seems to show 
considerable promise. With  investi- 
gation as to the chance of a crack run- 
ning from layer to layer it might be 
conceived that the probability of more 
than a few layers failing abruptly is 
low enough so that statistically the 
vessel is reasonably safe. Some of the 
difficulties with this type of construction 
are the end closures and nozzles which 
cannot be laminated. Any heads used 
in vessels of this type must be laminated 
or of material with adequate resistance 
to brittle failure. The end forging 
must be made of a steel with a transi- 
tion temperature meeting the require- 
ments of Table 1. Another avenue 
which bears further investigation is 
the entire field of glass-filament-wound 
and plastic pipe. 
The Challenge of the Future 

The uncertainties in evolving a truly 
effective design basis to prevent brittle 
fracture are the real challenges which 
must be solved in the future. At 
present, it is necessary to operate in a 
range between temperature 7's, where 
one is sure that any failure will be ductile 
and not brittle, and temperature 7',, 
where the probability of a failure -being 


brittle is extremely high but where the 
probability of initiating a disastrous 
failure is not established but appears to 
be low. 

There are two avenues which must 
be pursued. One is in the area of a 
clearer understanding of the actual 
physics of brittle failure. The SOD 
tests must be made to check quanti- 
tatively with the Orowan extension of 
the Griffith crack theory. Also, enor- 
mous improvements in the metallurgy 
and manufacturing of carbon steels 
with good brittle properties are pos- 
sible. With the proper combination, 
brittle-resistant carbon steels should 
cost the same as carbon steels currently 
in general use. It is important to 
strive for an accepted understanding of 
the brittle-fracture problem by both 
the user and the producer of steels. 
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Manual on the Machining and Grind- 
ing of Titanium and Titanium Alloys by 
C. T. Olofson, Titanium Metallurgical 
Laboratory, Battelle Memorial Institute 
for Office of Assistant Secretary of De- 
fense for Research and Development. 
August 1957. 82 pages. (Order PB 
121644 from OTS, U. 8. Department of 
Commerce, Washington 25, D. C., $2.) 
This manual presents information and 
data on various machining processes 
commonly employed for titanium. It 
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is intended to serve as a guide or start- 
ing point from which machining recom- 
mendations for specific parts can be 
derived. Sketches are used to describe 
pertinent tool geometry, and all sec- 
tions include a list of suitable reference 
material. Included are a list of tita- 
nium alloys and their producers, machin- 
ability ratings, a list of tool materials 
used and a table for converting speeds in 
surface feet per minute to revolutions 
per minute. A description of the prop- 
erties of titanium and their influence on 
machining behavior is also presented. 
Metallurgical and Mechanical Charac- 
teristics of High-Purity Titanium Base 
Alloys by F. C. Holden, J. A. Houck, 
H. R. Ogden, R. I. Jaffee, Battelle 


Memorial Institute for Wright Air 
Development Center, U. 8. Air Force, 
April 1958. 120 pages. (Order PB 
131817 from OTS, U. 8. Department of 
Commerce, Washington 25, D. C., 
$2.75.) Studies were made to establish 
the relationships between thermal his- 
tory, microstructure and mechanical 
properties for high-purity titanium-base 
alloys. These alloy systems were: Ti- 
Al-Mo, Ti-O-Mo, Ti-O-Al-Mo, Ti-C- 
Mo, Ti-O-Mn, Ti-O-Cu, Ti-C-Cu and 
Ti-Cu-Mn. Mechanica! test data in- 
clude tensile and flow properties, impact 
behavior over a range of temperatures, 
hardness, aging and cooling-rate test 
data. The basic physical metallurgical 
principles involved are discussed. 
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Effect of Residual Stress on Fatigue Strength 


Rotating bending tests are reported on notched bars preloaded 


to introduce residual stress. 


BY D.S. DUGDALE 


ABSTRACT. Rotating tests are reported on 
notched bars preloaded to introduce resid- 
ual stress. he effect depends on ma- 
terial and notched sharpness. 
Introduction 

Welded structures usually contain re- 
sidual stresses due to differential con- 
traction between weld metal and base 
metal, and large residual stresses are 
often present in castings and rolled sec- 
tions due to nonuniform cooling. It is 
recognized that these stresses can lower 
resistance to brittle fracture by supply- 
ing additional energy to a rapidly spread- 
ing crack. However, fatigue failure 
must be considered as a distinctly dif- 
ferent problem. 

~ Various views are held about the ef- 
fect of residual stress on fatigue strength. 
Under laboratory conditions, stress re- 
lieving produces little change in the 
fatigue strength of welded mild-steel 
joints, but there is an opinion that these 
stresses often accentuate the bad effects 
of poor design and workmanship.' This 
will be discussed in the light of experi- 
mental results. Residual stress in 
aluminum alloy structures is of con- 
siderable interest to aircraft designers, 
and it has been found that suitable pre- 
loading can increase fatigue life appre- 
ciably.? 

In the present work the methods used 
are essentially similar to those used for 
aluminum alloys by G. Forrest,’ who 
found a pronounced loss of strength 
when tensile stress was initially present. 
Tensile stress is left at the root of a 
notch after a heavy compressive load 
has been applied, and vice-versa. The 
precise value of his stress is not known, 
but it is assumed that it is a large frac- 
tion of the yield stress or proof stress. 
Arguments advanced here are based on 
relative effects found for different ma- 
terials after they have received closely 


Materials 

Four materials were tested. These 
will be referred to as mild steel, carbon 
steel, nickel steel and aluminum alloy. 
The steels had the compositions shown in 
Table 1. 

The nickel steel (British Standard 
Specification B.S. 970) was air-hard- 
ened from 830° C and tempered at 
200° C. The other steels were nor- 
malized at 850° C. The extruded 
aluminum-alloy bar (British Standard 
L.65) contained Cu 4.4%, Mg 0.7%, 
Si 0.7%, Mn 0.6%, and was used in the 
solution-treated and fully age-hard- 
ened condition. Mechanical proper- 
ties are shown in Table 2. All materials 
were in the form of 1-in. diam bar, and 
were heat treated in this condition and 
machined afterwards. 


Specimens 
The notches were cut on a lathe. 
The cutting tool was accurately ground 


The effect depends on material and notch sharpness 


scratches. Notches of two kinds were 
used—a round notch with a semicircular 
profile at the root, and a sharp Vee 
notch, as shown in Fig. 1. From a 
microscopic examination of sectioned 
specimens, the root radius of the Vee 
notch was found to be about 0.001 in. 
Preloading in tension was carried out 
by gripping the specimen in wedge 
grips in a tensile-testing machine. For 


0.4 8 DIA 
~ ~ c (a) 
B85” DIA 


(b) 
and lapped to the required profile, and 
low cutting speeds and suitable cutting Fig. 1 Details of notches 
fluids were used to obtain a surface tod Qeund ach 
finish of uniform quality free from (b) Vee notch 
Table 1—Chemical Analysis, Percent 
c Mn Pp S Ni 
Mild steel 0.20 0.60 0.02 0.05 
Carbon steel 0.45 0.66 0.02 0.04 a 
Nickel steel 0.31 0.49 0.01 0.01 4.13 
Table 2—Mechanical Properties 
Yield stress or 
0.1% proof stress, Ultimate strength, Elongation, Vickers hardness 


tons/sq in. 


tons/sq in. 


om 2 in, number 


similar treatments. Mild steel 19.0 30.5 40 133 
Carbon steel 23 .0 42.5 35 185 
Nickel steel 76.0 112.0 13 510 
D. 8S. DUGDALE is a lecturer in the Engineering . ‘ 2, ‘ 
Department, University College of Swansea, Aluminum alloy 30.5 34.0 13 146 
Wales. 
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Fig. 2. Results for mild steel 


preloading in compression, accurately 
fitting sockets were placed over the ends 
of the specimen to insure axial loading. 
It was desired to impose a load great 
enough to cause plastic flow over the 
greater part of the reduced section, so 
that the greatest possible residual 
stress would be set up at the notch root 
when the load was removed. It can be 
seen that this load is limited by the 
load to cause fracture in tension. It 
was found that fracture could be avoided 
if the load was arranged to be equal to 
the proof stress times the area of the re- 
duced section. These loads were used 


for preloading the Vee-notched speci- 
mens in tension and in compression. 
Specimens of mild steel and carbon 
steel were stress relieved before pre- 
loading, but specimens of the other ma- 
It is thought that 


terials were not. 


preloading would obliterate any pre- 
vious stresses due to machining. 

For preloading specimens with semi- 
circular notches, a different method was 
used. Load was applied until the notch 
of initial width 0.2 in. was increased or 
decreased in width by 0.005 in., as 
measured by dial gages attached to the 
specimens. 

The specimens were 7 in. long with 
parallel ends clamped by screws in the 
sockets of a rotating cantilever machine, 
the moment arm being 6 in. Fatigue 
testing was commenced a day or two 
after preloading. 


Discussion 

With a round notch of the type used 
here, having a theoretical stress-concen- 
tration factor of about 3.8, failure would 
be expected to occur when the local 


stress at the root of the notch becomes 
high enough to initiate a fatigue crack. 
From tests on plain unnotched speci- 
mens, it is well known that the ampli- 
tude of the cyclic stress required to cause 
failure varies according to the value of 
the mean stress. The effect of mean 
stress appears to be more pronounced 
for high-tensile steels than for mild 
steel.‘ 

In the present tests, material at the 
root of the notch suffered a certain 
amount of cold working due to pre- 
loading. However, this must be the 
same for the specimens loaded in ten- 
sion and compression. Any change in 
surface finish must also be the same for 
both types of loading. Therefore, any 
difference in fatigue strength must be 
due to the reversed sign of the residual 
stresses. 
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Fig. 3 Results for carbon steel 
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Fig. 4 Results for nickel steel 


Turning now to the curves for round 
notches shown in Figs. 2 and 3, it can 
be seen that preloading produces little 
change in the strength of the mild-stee] 
and carbon-steel specimens. It should 
be observed that this may be due to two 
causes acting separately or jointly. 
These materials may not be sensitive to 
mean stress. Alternatively, any resid- 
ual stresses present due to preloading 
may be relaxed due to strain hysteresis 
during the first stages of the fatigue 
test. However, the results give an indi- 
cation that residual stresses occurring 
at points of stress concentration in a 
welded structure are unlikely to reduce 
the fatigue strength, when materials of 
this kind are used. It may be deduced 
that annealing after welding would not 
be very rewarding. 

The curves for high-tensile nickel 
steel and precipitation-hardened alumi- 
num alloy (Figs. 4 and 5) present a dif- 
ferent picture. For round notches, 
there is a large difference between the 
strength of prestretched and precom- 
pressed specimens. It seems to be 


worth while, with these materials, to in- 
sure that residual stresses are either ab- 
sent or that they are of a favorable kind. 
Attempts were made to improve the 
strength of precompressed specimens of 
aluminum alloy by under-stressing them 
for 50 million cycles at a stress just 
below the fatigue limit of 5 tons per sq 
in., in the hope that the residual stress 
might be reduced, but no such effect 
was found. 

In discussing the strength of sharply 
notched specimens, some new considera- 
tions must be brought in. A small crack 
usually forms at the root of the notch 
quite early in the fatigue test.> Failure 
then occurs only if the combination of 
mean stress and alternating stress is 
such as to allow this small crack to 
grow. Referring to Figs. 2 and 3 for 
mild steel and carbon steel, it can be 
seen that the fatigue limits for pre- 
loaded specimens differ by a factor of 
about two. Heat treatment for 1 hr at 
650° C after machining gave a pro- 
nounced drop in strength. Further 
tests after heat treatment at 250° C 


(not shown) did not give this drop in 
strength. This seems to imply that 
residual compressive (which 
would be relieved at 650° C, but not at 
250° C)® was set up during machining. 
These results may be useful in discuss- 
ing the possible ways of treating struc- 
tures having welds containing cracks. 
Although annealing does not appear to 
offer any great advantage, any method 
for introducing compressive stress such 
as hammering the weld when cold, might 
produce a beneficial effect. However, 
the best policy seems to be to insure that 
cracks are not initially present in welded 
joints. 

The results for Vee-notched speci- 
mens of high-tensile nickel steel and 
aluminum alloy (Figs. 4 and 5) show 
that residual stress reduced the fatigue 
limit to a very low value. Under these 
circumstances of high stress concentra- 
tion and adverse residual stress, welded 
structures of these materials would evi- 
dently have a very poor resistance to 
dynamic loading. As cracking is diffi- 
cult to avoid in high-tensile steel, it is 
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Fig. 5 Results for aluminum alloy 
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not surprising that this material is re- 
garded with suspicion.’ 

The fatigue tests show that the effect 
of residual stress is much more pro- 
nounced for sharp notches than for 
mild notches. The interpretation one 
might derive is that mean stress has a 
greater modifying effect on the cyclic 
stress to propagate an existing crack 
than it has on the cyclic stress required 
to initiate a crack. A further considera- 
tion seems to be that for a mild notch; 
the cyclic stress extends over the whole 
field of the residual stress, so it might 
be expected that the residual stress 
would be reduced somewhat by creep 
before permanent damage to the ma- 
terial occurred. This effect would 
naturally depend on the tendency of the 
material to form a strain hysteresis loop. 
When a crack is present, however, it 
seems less likely that the localized field 
of cyclic stress around the tip of the 
erack could produce relaxation of the 
more extensive field of residual stress. 

It has been suggested by Rosenthal 
and Sines* that the influence of residual 
stress may be estimated from a knowl- 
edge of the ratio between fatigue limit 
and yield stress. Their tests were car- 
ried out on both soft and fully hard- 
ened aluminum-alloy specimens having 
a stress-concentration factor of 2.5. 


For Vee-notched specimens, however, 
strength is governed not by the fatigue 
limit of plain specimens, but by the 
critical stress required to propagate a 
crack. In this case, therefore, the influ- 
ence of residual stress must be depend- 
ent on the relation of the yield stress 
to this minimum stress range for crack 
propagation, irrespective of the fatigue 
limit of plain specimens. 


Conclusions 


The test results show that static 
properties such as tensile strength and 
elongation give no reliable indication 
of permissible stresses under cyclic load- 
ing. When tensile residual stress was 
present around the root of a sharp notch, 
it was found that specimens of mild 
steel were appreciably stronger than 
those of high-tensile steel (Figs. 2 
and 4). 

It was found that the strength of 
high-tensile-steel parts containing severe 
stress concentrations was very poor 
unless appreciable compressive residual 
stress was present. As this is difficult 
to achieve, it appears that the last crack 
must be eliminated from the welds in a 
structure of this material before its 
strength can be guaranteed. Alterna- 
tively, a low-alloy steel must be used 
which is less sensitive to cracks. 


These ideas have been well known to 
practicing engineers for some time, but 
it is hoped that the present work may 
contribute towards a logical analysis of 
the properties required in materials for 
welded construction. 
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Welding Type 347 Stainless Steel Piping and Tubing 


by George E. Linnert 


A book of 103 pages with paper covers 8'/, in. by 11'/;, in. 
Price $3.50. Known as Bulletin No. 43. Single copies 
may be purchased through the AMERICAN WELDING 
SOCIETY, 33 W. 39th St. New York 18, N. Y. Quantity lots 
may be purchased through the Welding Research Council, 
29 W. 39th St., New York 18, N. Y. 


Type 347 has been generally regarded as one of the 
more foolproof and dependable stainless steels. It has 
been widely used for more than 20 years in articles 
where sensitization to intergranular corrosive attack 
could not be permitted to occur from the localized heat 
effect of welding; or from exposure to temperatures in 
the range of approximately 800 to 1700° F in fabrica- 
tion or in service. In recent years Type 347 has figured 
prominently as a construction material in many note- 
worthy developments such as the gas turbine, nuclear 
energy plants and high-temperature high-pressure steam 
power generating units. 

More recently, difficulties of greater consequence 


have been reported, particularly in connection with 
piping and tubing of Type 347. Accounts of trouble 
have come from several fields of activity and these 
reports, as might be expected, have alarmed many engi- 
neers. Some now seriously question the continued use 
of Type 347 steel in new and important applications. 

The present report, prepared under the auspices of 
the Welding Research Council, is a comprehensive 
review of information on the welding of Type 347 stain- 
less steel piping and tubing. Both published and 
previously unpublished data are included. An account 
is given of the origin and development of columbium 
stabilized stainless steel to provide familiarity with the 
actual chemical composition of the Type 347 grade as 
it is currently produced. Facts are supplied on micro- 
structure and properties of wrought material, castings 
and weld metal which later help explain the properties 
of welded joints. The main portion of the report is 
devoted to welding procedures and joint properties. 
Welding defects are thoroughly covered as to cause and 
cure. 
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Carl Brainard, Sacramento, California, cut- 
ting steel plate with 44-year-old Victor torch 
butt and 38-year-old cutting attachment. 


m= This old-time torch 
tells why.... 


The man 
on the job 
likes Victor 
Equipment 


IT’S LONG-LIVED—Back in 1914, Brainard Bros., Sacramento, _ tions required in fabricating and repairing mining, logging and 
Calif., bought one of the first Victor welding torches, direct sawmill equipment. 
from L. W. Stettner, pioneer welding torch and safety regula- IT’S RELIABLE—Victor's current model cutting tips and weld. 


tor inventor, now president of Victor Equipment Company. Six ing nozzles fit it perfectly —proof of Victor's lasting reliability. 


years later Brainard Bros. added a cutting attachment. 
You, too, can get this kind of service from Victor welding and 


IT’S FLEXIBLE—This outfit (shown here) has been in constant cutting equipment. Ask your dealer to demonstrate why it 
use ever since on the wide range of welding and cutting opera- pays to standardize on Victor. 


 VicIOR EQUIPMEN] COMPANY 


Mfrs. of welding & cutting equipment; high pressure and large volume gas regulators; hardfac- 


; for Lekab, ng ing rods, blasting nozzles; cobalt & tungsten castings; straightline and shape cutting machines 51 
gi 844 Folsom St., San Francisco 7 + 3821 Santa Fe Avenue, Los Angeles 58 
ac 1145 E. 76th St., Chicago 19 
J. C. Menzies & Co., Wholly-Owned Subsidiary 


For details, circle No. 59 on Reader Information Card 
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spotlightin 


Previous contact tube design depended en- 
tirely on wire cast for limited contact; uncer- 


... that dramatically improves the arc tole 
stability of your Aircomatic® equipment insure positive contact 


Physically, this new contact tube with “floating Chuck” is just 
a trifle—a simple set of hardfaced “wiping” wires** inserted in 
the contact tube barrel of your Aircomatic gun. But it gives 
positive, multiple contact with the welding wire at all times. 

It ends interior arcing, prevents burnback, galling, insures 
good current pickup, increased current capacity and stable arc 
performance—on Aircomatic welding guns. 

The new wiping action contact tube is available in various 


diameters for the Aircomatic MIGet*, the Aircomatic Pull gun, 
of longitudinal wires. Wiping action assures 


the Aircomatic push gun (except heavy-duty), and the AMHB stable arc performance even with aluminum 


and magnesium wires. 


Aircomatic head. Optional equipment on all new guns. For 
complete information, contact your Airco office. 
On the west coast — 


*Trademark Air Reduction Pacific Company 


**Patent Applied For Internationally — 
Airco Company International 


AIR REDUCTION SALES COMPANY . Guven Air Products Corporation 
in Canada — 
A division of Air Reduction Company, Incorporated Air Reduction Canada Limited 
: All divisions or subsidiaries 


150 East 42nd Street, New York 17, N. Y. of Air Reduction Company, inc. 


Offices and dealers in 
most principal cities 
AT THE FRONTIERS OF PROGRESS YOU’LL FIND AN AIR REDUCTION PRODUCT ®* Products of the divisions of Air Reduction Company, Incorporated, 
include: AIRCO — Industrial gases, welding and cutting equipment * AIRCO CHEMICAL — vinyl acetate monomer, vinyl stearate, methy! butynol, methyl 
pentynol, and other acetylenic chemicals * PURECO-carbon dioxide—gaseous, welding grade COx, liquid, solid (‘‘DRY-ICE"') * OHIO-medical gases 
and hospital equipment * NATIONAL CARBIDE~pipeline acetylene and calcium carbide * COLTON~—polyviny! acetate, alcohols, and other synthetic resins. 


For details, circle No. 61 on Reader Information Card 
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